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ABSTRACT
HaI1 County, an area of 540 square miles, is in south-
central Nebraska. The Platte River flows east-northeasterly
aeross the county from lts southwest cornerl the Wood River'
whleh is tributary to the Platte wlthin HaII County, enters
the eounty about 6 miles north of the southwest corner
Analysis of streamflow data lndicates that the Platte and
Wood Rivers are losing streams in HaII County. Based on an
I8-year period, October 19fi throuqh Septernber I97t, the
average annual losses between gaelng statlons were 48r1OO
and 1r940 acre-feetr respectively
The county is underlain by unconsolidated deposits of
Quaternary age. These deposits mantle an irregular, eroded
bedrock surface of Cretaeeous and Tertiary age r Sands and
sravels of Quaternary age consti-tute a highly produgtive
aquifer throuehout much of the county. In the northwestern
part of the county, where deposits of Quaternary age are thin
or not saturated, the 0ga11a1a Formation of Tertiary age is
the primary aquifer.
The unsaturated zone ranges in thiekness from less than
1 foot in the Platte River va11ey to more than 120 feet in
the upland in the northwestern part of the county, Total
thlckness of sllts and cLays in the unsaturated zone ranges
from O to more than I00 feet and eorrelates fairly closely
with the total thickness of the unsaturated zorl€ r
The configuration of the water table indieates that
groundwater moves generally to the east-northeast with an
11
average gradlent of 7 feet per mile, Calculated veloclty
values range from 29 to 44 feet per year.
The groundwater from both aquifers is the calcium
bicarbonate type and is hard. Total dissolved-solids
content is variable, ranging from about 100 to 1,500 ng/\,
and is controlled, to a large extentr by the following
factorsr chemlcal and physical character of soils' thick-
ness of silts and clays ln the unsaturated zone, transmissiv-
ity, evapotranspiration, and seepage from the Platte and
Wood Rivers.
Chlorlde eontent Is Iow, ranging from about I to 70 ng/t,
and sulfate oontent ranges from about I to 11180 ng/L. The
concentrations of both anlons correlate positively with total
di ssolverl-sollds content .
Phosphate concentratlon ls generally 1ow, although two
areas of moderate coneentration are present, An ar€a of
generally greater than 0,5 ng./L along the Wood River west of
Alda is associated with seepage of phosphate derived from
municipal waste effluent discharged into the stream. An area
)o ng/L) tnat trends east-northeastward across the county.
of generally greater than t.O mg/l of phosphate in the extreme
north-central part of the county is related to aeid sandy
soils.
Nitrate concentration is
amounts to more than 200 mg/L,
tlons occur ln a B-to l2-mil-e
variabler ranging from trace
Most of the Larger eoncentra-
band of moderate eontent (5 to
Wlthin this band are small areas of hlgher and lower
tii
coneentratlon. The moderate to hlgh concentratlons are
cnuno<l prlmnrlly by ilah-related wagtes and land-manaqoment
praetlcoBr Clrcumstantlal evirlence lndlcates that thr:
oceurrenee of hlgh nitrate concentrations In water from many
wells ean be related to very Iocal sources of contamination
and lmproper well Locatlons and construction, A ZS- to
3O-squal:e mll-e area of apparently high content (>30 nr:/L)
along the Wood Rlver ln the western half of the county ls
attributed to seepage of nitrate derived from municipal
sewage effluent discharged into the losing stream. Beeause
of shallow water-table conditions and permeable soils and
other deposits in the unsaturated zone throughout mueh of
the county, contaminatlon of the groundwater system by man-
related sources 1s a potential hazard.
INTRODUCTION
The avaitable chemieal quality of groundwater data in
Hall County generally suggestecl to previous workers that
the water was sultable for domestic and most other us€Br
I(occh nntl Droonzon (f96t+) otatedr "Tho groundwater l"n l{n11
County Is of falr).y unlform quallt$.... It meets all stand-
ards of chemieal charaeteristlcs recommended by the Pub-tic
Health Servlce andr exeept that It is hard, Is sultable for
alI domestic plrrlpos€Brrr Howeiver, they noted that "Accordinfl
to tho Heal.th Department of the city of Grand Islandr sorno
of the groundwater from loca1 wells was found to be polluted
with detergents and eoliform bacteria. The soils generally
are porous and the water table is relatively shallowl thus
pollutants can readily reach the groundwater reservoir if
safe methods of waste dlsposal are not practlced."
In recent years consid.erable coneern has been=bxpressed
by indlvidual citizens in the county, by health department
personnel and by clty officials ln Grand Island about the
relatively high coneentratlons of nitrate belng found in
water samples collected from wells (Conservation and Survey
Division files). Waste disposal systems, feedlots, fertili-
zers, chemical and industriaL wastes, lrrlgation praciicesr
and improper well construction were suggested as possible
sources of, or eontrlbutors to, pollutlon. Grand Island
offielals expressed coneern about the effect that intensi-
fied farming in the area and the rapid growth of business
establishments and industry along Interstate BO anf, the
Platte River might have with time on the quality of water
in a new we]I field south of the city and along the river.
Purpose of the Investigation
The purpose of this study was to establish the present
(fgZf) level of seleeted chemieal characteristics of and
constituents in the flroundwater system in Ha1I County.
An important aspect of the study was to delineate possible
sources and/or iclentify causes of inereased nitrate and.
related nutrient concentrations in the groundwater system,
Location and Extent of Study Area
Ha11 County is located in south-eentral Nebraska
(fig. 1), Grand Is1and, the county seat and largest town,
is in the northeastern part of the county and lies approxi-
mately BJ miles west of Lineoln, The LSZO U.S, Census
reported a Ha}I County population of 42,BSL and a Grind
Island population of 31,269. The Bureau of Busi-ness
Researeh, University of Nebraska, from data furnished by
state and eounty governmental agenci-es, estimated the L97L
county population to be 43,?L9. The county is approximately
square in shape with a land area of J4O square miles or
311.5,000 ECr€sr The bordering counties are Howard to the
north, Memiek and Hamilton to the east, Adams to the south,
a.nd Buffalo to the west.
Previous lnvestigations



















All? xooxEi ?Horas 8L llaE LOUP Il3!Srr i-Bi'11' cu rlrc A"nr \

























Locolion of Holl County in Nebrosko
quality of groundwater in Ha1l County. Slndelar (f9ZO), in
an unpublished thesis, investigated the cause of the iron and
nanganese problem in the Grand lsland munieipal water supply.
Sindelar ran complete ehemical analyses on samples coLlected
from 11 city wells r l? River wells, and the Platte River in
the vlcinity of the Platte River well fle1d.
Several published reports deseribe the geology and
hydrogeology of areas that include part or all of Ha1l County.
Some of these include a discussi-on of the chemical quality of
the groundwater. Lugn and Vfenzel (1938) reported the results
of a $-year investigation of the groundwater resources of an
area ln south-eentral Nebraska, including all of HaII County.
No chemlcal quality data were presented or discussed. Wenzel
(1940) lnvestigated the large depression of the water table
under Grand Island resulting from 1ocal development of the
groundwater supplyr 's
The geology and hydrogeology of the lower Piatte River
vaIley between North Platte and Fremont were investigated, by
l{aite and others (f949). They discussed the cherriical quality
of the groundwater and reported complete chemical.analyses
for two public-supply we11s at Grand Island.
Keech (tgSZ) investigated the groundwater resources of
the lower Platte Ri.ver basin north of the ::iver be.tween
Kearney and Wood River. Chemical quat-ity of the groundwater
resources was not discussed.
The groundwater reaources of an area imrneoiately east
of HaLI County north of the Platte River was described by
5Snief,clcki (1955). The report Ine-l.rrrleo n see Lion clanl.l n11
with the chemical quality of the grounclwater.
The geology and groundwater resourees of the area
between the Platte and South Loup Rivers in south-central
Nebraska' ineluding the western quarter of HalI County, have
been descrlbed by Sehreurs (f956). The chemical quality of
the groundwater was dlscussed in this report. 0f the 16
wel-ls sampled during the investigation, two were municipal-
supply we11s located at Wood River and Cairo.
The southeastern part of Hall County was included in
an lnvestigatlon by Johnson and Keech (t959), Chemical
quality of the groundwater was diseussedl a water sample from
a municipal-supply well at Doniphan was collected and analyzed.
As part of an evaLuation of the groundwater resources of HalI
County, Keeeh and Dreeszen QgAU) Uriefly described the
chemical quality of the groundwater. ,.$
A series of maps of the state have been prepared to
lllustrate the general groundwater condltlons throughout
Nebraska (Conservation and Survey Div., L969). Plate 5 of
that seriesr pr€pared by E. C. Reedr ghows the total dissolved-
solids concentratlon in groundwater.
Several state and federal ageneies have monitored the
chemical quality of groundwater in Hall County. In 196L,
L962t l)6), and l97l the Unlversity of Nebraska College of
Agrieulture Extension Service conducted water quality surveyg
of irrlgation well water throughout Nebraska, In 1951 they
eampled 48 we1ls ln HaLl County. From the locati.on'and
physieal data provided and da.t:r eontained on state irrigatior-
well registration formsl only 2J welIs could be positiveJ-y
located. Nitrate analyses were marle on 19 of the 2J wa.ter
sample s .
In L962 the Extension Servj.ee resampled 12 of the wells
sampled ln Hall County in 1951. 0n1y seven of these wells
could be positiveLy located. Chlorlde determinations rvere
not made for these samples. fn ry69 this agency analyzed
46 water samples collected in HalI County during the irrlga-
tion sei.sorlr Lega1 descriptions of well locations to at
Least the quarter section leve1 were determined for all the
sampled wel1s. Ten water samples collected from irrigation
weIIs in Ha1I County in 1971 were analyzed by the Extension
Service, Beeause these wells were also sampled as part of
this study, aceurate well locations and other physical data
are avallable (taUte A in appendix). rts
The U.S. GeologicaL Survey has monltored the chemieal
quality of groundwater in Hal1 County for many years, During
the L96L water year (Oetober 1, 1960 to September )0, 1961),
analyses were rnade on samples collected from seven weI1s.
Twelve we1ls were sampled for chemical analyses durlng both
the L969 and l9?0 water yearg (U.S. Geol. Survey, 1969, 1920).
Annual or biannual chemical analyses for most or all of the
perlod from 1950 through L9?O are available for five we1ls
sampled by the U.S. Geological Survey. fn addition, analyses
of water samples from public-supply wells located in the
Cornhusker 0rdnance Plant date back to 1948 (U.S. d"of. Surveyr
unpublished data).
Throughout L9?l the U.S. Geological Survey, in coopera.tion
with the city of Grand Is1and, sampled several municipa-l--
supply we1ls including one well in the Platte River field.
A primary objective of the program was to monitor the changes
ln the nitrate content of the pumped groundwater.
The State Department of Health monitors the chemical
quality of municipal weI1s on a regular basis. This agency
has sampled the munieipal water supplies at Grand Island'
Wood River, Doniphan and Cairo.
As a public servlce the Grand Island - Hall County
Health Department makes nitrate determinations on domestic
well samples brought to their laboratory, In addition, this
agency and the Hall County Extension Service cooperated ln a
nitrate survey of approximately 406 private water supplies,
mostly rural domestic water supplles, in the summer dt f9?f.
Legal deseriptions were secured from county farm directori.es
for approximately )50 of these wells for which nitrate deter-
minations were mad.e (p1. 1).
Well-numbering System
Wells and test holes are identified ln this thesis
accordlng to their loeatlon wlthin the land sub-division
system of the U.S, Bureau of Land Managem€lt. fhe first
numeral in the number lndicates the township, the second the
ranger &nd the third the section, The letters that follow
the section number ln<licate the positlon of the weLl within
'l:1-
the seeiion (fig. 2). The first lette:: indieal:es tj
15C-acre tract, the second 1e tt,,r the lr0-acre tra: ,..,
*1-e third letter the l0-acre tract.
Acknowletigments
Special appreciation is aeknowledged for Profeo,:n'''
Vincent H. Dreeszen who suggested the study and sert'c:l F
the main advisor and to Dr' Peter Huntoon, Departmen - rf
Geology anrl Principal Hydrogeologist, Conservation an.
Survey Division, for help and critical review. The coop-
erntj-on of many farm operators and weLl owners is heartil:/
neltrlowl.t clfed. Personnel of tho Grnnd Island Ilbl1l 1,ir,:
Department, Grand Island-Hall County Heal"th Department n.,
the HalI County Extension Service provided valuable ir rr
tion a.nri assigtance.
The following persons made information a.vailableoand
dis;cussed its applicability to the studyr Ray BentalL,
Richard Engberg and Lester Petri, U.S. GeologicaL Survey;
Vernon Souders, John E1der, Rauf Piskin and James Swinehal";r
University of Nebraska Conservation and Survey Division.
Financial assistanee was provided by the Conservati on
and Survey Division of the University of Nebrask&. The
excellent drafting of figures was generously done by Conser-














6 5 4 ,l 2/ I
7 I 9 rq
t
,/, )'
r8 l7 r6 ,1,l/ 'o/ r3
r9 20 ?t l2z' ft3 ,'4
30 29 28 N co 25





HaII County lies near the eastern margin of the Great
Plains. l,iost of the county lies in the Platte River basin;
a smal1 portion of the southeastern part of the county is
i;r the BIue River basin, and an even smaller portion in the
northwestern part lies in the Loup River basin.
The P1atte River valle;, crosses the county frorn -::he
southwest to the northeast (fig, J). It varies in wi..i*rh
jrom about LZ to 19 miIes. The Platte Ri-ver, which flowr:
near ihe southern border of the vaIIey, divide= into fc'ur
channcls that create a group of low-Iying, elongate i3-r3 ,'r,r;.
Th; alluvia1 bottomland is 4 to 6 miles wide and 5 to 10 fr:et
above the riverbed. A broad alluvial terrace, 10 to Li i,:et
atlove the floooplain, forms the northern part of ihe va11ey.
Surface altitudes in the Platte River valley range from about
2000 feet above mean sea 1eve1 in the western part ef the
corrn'L;r to about 1820 feet near the east county IIne. The
va.lIey has a gradient of about ? feet per mile (Yost et :r 1.. ,
1.962) ,
?he l'/ood River, Warm Slough and Prairie Creek, tributary
to the Platte River' drain the terraces and uplands in tlre
corrniy. Nearly all streams in the eounty have 1ow graiil:^,i;s
a;rd fl-orv in a. northeasterly direction. Drainage is interiia--
j-n a fevr depressions on the silty uplancis and on some te:':, s
(Yost g! 31.., L962) ,
According to Yost et 91. (t962), there are three di ..'1:t
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Figure 3. Streoms and river bosins in Holl County.
)2
co\r(]I'(1(l wj'[]r l.oe:str. lih;il'i'tr nntl liraun (t9lO) irir.nti l-ir.d :r
lorv escarprnent trending northeastward across the Grand f sl.and
arca that separates a lorver terrace from a higher terrace.
The lower terrace is about 5 feet higher than the P1a;te
River and the upper terrace is 15 to 2.0 feet higher tha.n ihe
1o'rier terrace, Both terraces slope toward the northeast
I a:(Shaffer an<i Braun, 19?0),
The portion of the Grand Island area drained by the'+Iood
River is entirely on the lower terrace; the part drained by
iJar:m S-loueh includes portions of the lower and upper terra.ces.
P::airie Creek drains land only on the upper terace. The
divides separating the three drainage basins in the Gra.no
Isl-and area are topographieally indistinct and cannot be
p::eeisely delineated. The divide separating the V/ood Rj-.,rcr
ci.:i:aina.ge from vlarm slough has been breached in sevoral i:i.ac'-::
hir ditches that border roads and railroads that cros:b "che
divide. Because the terrain is 
.Ievel, and the unrlerlying
materials are permeable, nearly all the precipitation is
absorhed by the soil and overland runoff rarely occurs
(Si..affer and. Braun, 79?0),
The upland areas in Hali County are from 40 to 100 feer:
.1i;ove i.iir bottomlands in the Platte River va1Iey. The si- :.
uplands consist of tvro triangular*shaped areas. The large::
of ihese is in the southeastern part of the county whr:re
noiiera-r.clil dissected uplands reach an altitude of 1950 fe ;;.
Tlio smaller area is in the northvrestern part of the ccuntl'
wl-:t,'re the altitude of some ridges ;.eaches 2100 feet.
About L6 square miles of the extreme northweste::n corner
of the county 1ie in the South Loup River basin. This area
is characterized by sand hilIs and is drained by Srveet. Creek'
a tributary of the South Loup River. The hummocky dune-sat-.ii
topogr:aphy is continuous eastward along the northern edge of
the county. It is from 2 to 3 mil-es wj.de in Hal1 Cottnty r'nd
is contiguous with similar topography in Howard County iiTl(;r'',
tho divirie between the South Loup a.nd Pla.tte Rivers.
Climate
Hall County has a continental climate charactcrizuri 'J
vriCe seasonal variations, long winters, moderate rainfall'
lovr relative humidity and potential}y high rates of evapora-
tion. The weather may change ra.pidly from day to da;, 266
ivithin a 2lr-hour period.
'fhe average annual precipitation is about 24 inches cnd
{$
the mean annual temperature is 51o P at Grand f slanci, tbuu'i
B0 percent of the precipitation occurs in the spring anti
surnmer as showers and thundershowers, Evaporation during
this period is high. The spring and early summer rains
risr"rally are well distributed, but droughts are relatively
connon. Late summer and early autumn storms are less uniform.
Late autumn and winter precipitation is 1ow and occurs as
shovre::s iaLe in the fa1I or as snow during winter. Evapora-
ri-on Curing this period is low, The average annual snowfa.1I
is abctrt ?5 inehes, with the greatest amount falling during
Fel:"ua.:;' and I'iarch. Wet years and dry years commonly occur
in c1r6l"ss. Heavy rains in spring sometimes damage growing
e:'.:ps. i{aiI storms in summer and early fa1I eause extensive
l:rnage to crops,
'nht prevailing wind is from the south in summer and from
the northlvest in winter. The wind is usually mocl.erate to
strong during the snmmer and often is accompani.ni by high
ternperature ancl low humidity. This condition eauses re.;rid
Io':s of soil moistrrre and a high rate of evapotranspiration.
Durirlq Indj.an summer, which usually occurs in October, wincl
veiocj iies are lower than at any other time of the year.
lVind velocities are highest during March and Apri1, when
they average about 14 miles per hour,
Agricrrlture and Soils
A,qr:ieulture 
-i-s the primary land use in Hall Coun.1,. In
)-9?L approximately IB4r?OO acres lvere cropped, according xo
p::eliminary crop acreages compiled by the itiebraska Departirent
of Agrieulture (tg?Z). This cropland acreage is approxinnately
J] percent of the land area of Hall Coirnty. A small part of
ihe countli is in grass and a smaller par-b is woodland. Corn
j.s the principal crop, but there are also large acreages in
a.: 'alfa., sorghum and wheat. Oats, ry€ and soybeans accr:unt
f oi" rrrnir L"l"er fl.C fC&feC.
3eef cattle are the principal livestocl<; hogs, dairy
eaitle and sheep are also raised. The number of cattle on
fa.::nrs in Hall County has increased from 38,l?A head in 1950
tc 87,800 head in l9?2 (Nehraska Dept, Agriculture, 1952,
I9?2 ). Cattle feedlng is the mori l, i mpor''bant liver; Lor:]l (:ti l.r'].'-
prlse ln the county. The pastures of the sand hills and
bottomlands furnish excellent forage for many herds of ber:l'
cattl-e, which are fattened in larqe anci smal1 feedlol;s (Yost
et g!., L962). There are several large feedlots near Grand
Island. The locatlon and size of feedlots registered wi th
the Nebraska Department of Envlronmenta1 0ontrol- and adrlitional
feedlots observed in the field are shown on plate 2.
Irrigatlon has become increasingly important, especially
since 7945. In J.-9l-2 the first well was drilled and the number
of imigation we1ls has steadlly increased (Yost et al, , L962) .
l,)50 wells were used to i*igate 59,956 aeres in 1950. In
L9?1, 164'200 acres were irrigated with water from 2,5L4 wells,
In 19?1 irrigated corn accounted for 1I8,800 of the L()4,200
acres (Nebraska Dept. of Agriculture, 1952, l9?2),
Nitrogen fertllizer has been used increasingly*in recent
years, 
€speciaLly on irrigated land, The Nebraska Department
of Agrieulture reports the tonage of purchased chemical ferti-
lizer in the three forms of anhydrous ammoniar ammonium
nitrate and llquid nitrogen. The eomblned tonages of nitrogen
fertll.l"zer purehased but probably not all used in HaIl County
has increased frorn 9,512 tons for the perlod July 1, 1964, to
June 30, L965, to 221886 tons for the perlod July 1, L970,
to June )0, 197t. Most farmers intervlewed durlng the field
investigations in the sunmer of 1971 said they applled approx-
lmately 200 pounds of nitrogen per acre to their irrigated
COfD r
t.6
A soil map of HalI Co'rrrty (p1. 3) shows 11 generalized
soil areas or soil associations. A solI association consists
of different soils that occur together in a fairly unj forr,r
pattern, The pattern within a soil association may be
intricate or simple, and the soils do not necessarily occur
in equal proportiorlsr Generally, the soils in an associa.tion
are l-ocated in the same relative topographic position (Yost
et aI., L962).
The soils of HaII County are quite diverse. Their parent
materials are loess, alIuvium, mixtures of loess and alluvium
anr1 eolian sands (p1. 3). fhe soils vary widely in texture,
consisteney and content of organic matter. Virtually a.11 the
soi-ls have surface horizons of medium to coarse texture. The
only soils with clayey surface ho.r:izons are on bottcmlands or
in loca1 areas where erosion has rernoved the original surface
soils. The texture of the subsoil, the B horizon of 
=tifs
with distinct profiles, ranges from clay to mixed sand and
gravel. Buried soils are present in some areas. (Yost g! g].,
1962) ,
Accordlng to Yos'b et aL. (]-962), the naturaL drainage of
the soils and their extent aret
Drai. nAqe ehar:aete.fi stic
poorly drained and
very poorly drained soils
imperfectly drained soils
v;eIl drained soils
scnervhat exeessively drained soiLs
excessively drained soils
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the ltood River, Dry, Sil.rer, Prairie and Moores Creeks. The
ertre;ne northrvestern part of the eounty lies in the Loup
River: Basin and is drained by the South Loup River flrrd Swr:et
(lrti,k, 'I'he norrl;hcnitnl:n cornel: ol' l;ho corrnl,y Ln .lor:lrLrrri in
1,ltrt lii1,'lllrro lli.vtrr l'ln.r-;itrl ii'i-:r'b Crct,. lt, Jlo;rvor Crcok alrrl ()l,irL. l:
small ep)rt:meral s'breams drain thj.s upland EreB.
Dams, reservoirs and other water control structures
have nnodified the natural diseharge of the Platte River in
central Nebras]<a. Discharqe in the Platte River in central
Nebraslta is gr:eat1y influenced by the Kingsley Dam l-ocatecl on
-Lhe North Platte River 6 mj.l-es north of 0ga11ala. lVa.tt:r ic;
stored and released from Lake lficConaughy, the storage resei.-
voir above Kinqsley Dam. Keech (L95?) noted that return dis-
charges from these and other developments maintain an alrnost
continuous discharge in the Platte River. Consequently, the
riverbed no longer becomes completely dry for extendeil periods
in the summer.
The U.S. Geological Survey stream-gaginq station near
Grand Is1and provides an estimate of the discharge of the
Platte River in the study area, The average annual discharge
for the l8-year period 1954 to l9?l is 823,380 acre-feet with
the minimum 300,800 acre-feet tn ).956 and the maximum
l,9l+'7,?40 acre-feet in 1971.
The lfood River is an intermittent stream in HaIl County
except for a 4- to J-mile segment of the stream in T. 10 ,',r-.,
R. 10 \,v. between Alda and Grand rsland. rt is intermittent in
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gradient of head with respect to flow direction
Darcy's law and data from plate 4 and figures 4 and 5
\vere used to determine the speeific discharge for the satu-
rated deposits of Pleistocene Bg€ r The rate of groundwater
novement was ealculated to be approximately 0,12 feet per day
or 44 feet per year in the vicinity of l0N-pw-l0ab and 11N-
12V/-12dd. Specific discharges at 11N-10W-1ldd and 11N-11\^/-
36dd were caLeulated to be 33 and 29 feet per year, respec-
tively.
Recharge .$
Groundwater recharge occurs in several ways. Most
groundwater beneath Hall County is derived from lnfiltrating
rain water or snow melt. Addi.tional sources of recharge are
seepage from streams, irrigation return water, and subsurface
infl-ow from areas to the west.
The avera.ge annual precipitation in Hall County is about
^1.24 inches, but only a fraction of this water reaches the
satu::ated zone. The remaincler is lost through evaporation,
tra:ispiration, and surfaee runoff .
The infiltration rate of precipitation to the groundwater
systern is dependent on the permeability of the soil and on





















of the Cenozoic oquifer
(l
Dreeszen (L959) calculated the average annual rate of recha.rr.:e
to be about 1.0 to 1.6 inches, depending upon the perirneatrility
of the soiI. The upland plain south of the Platte Rj.ver
valley in HalI County has similar soil-s and topographlr. iohn-
son (1950), who investigated the groundwater resourccs o [ 1,he
Platte-Republican Rivers watershed south of the PIa.t1;c Hivor,
estimateci that reeharge from preeipitation averaged as much
as 2 inches per year for areas mantled by dune sand. The
area of sand hi11s topography in north-central HalI County has
similar soils and topography.
Recharge to the lvater table from ephemeral streams whose
channels are above the water table occurs durin6t periods in
which the streams flow after rains. Much of the initial sur-
face runoff saturates sand and gravel stream beds and deseends
to the water table (Keech and Dreeszeilr L959),
Published streamflow data compiled by the U.S. Goological
Survey for the I8-year period from Oetober L9fi through Sep-
tember L9Zt were used to determine monthly net gain or loss
in flow for the approximately 2J-mile reach of the Wood River
betvreen gaging stations near Gibbon and Alda (fig. 6). For
the l8-year period, the average annual loss between these two
gaging stations was 7,91+O acre-feet. Atthough some of this
vrater was l-ost by evaporation and transpiration, a significant
portion of this volume probably infiltrated the stream bed.
Sevrage effluent discharged lnto the river between these gaging
stations by sewage-treatment plants at Shelton and Wood
River adds to the volume of water infiltrating the stream bed.
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Test-ho1e data also indi.cate that the Wood River wesb of
Al-ria loses flow blr seepage through the strea.m bed. Throughout
ihis area the strea.m bed 1i-es at least 10 feet above the water
table (p1. 5). The total thiekness of silts and clays in the
unsaturated zone in the vieinity of the stream ranges from 5
to 15 feet (pI. B). The depth to the stream bed belovr the
suroundin65 land surface ranges from more than 5 to about 10
feet. Assuming an average depth to the stream of 7 feet and
projeeting test holes I0N-12$I-Z)aa and 9N-12w-6bbb to the
nearby river ehannel, the total thickness of silts and clays
in the unsaturated zone beneath the riverbed in the vicinity
of these test holes is 0 and 2 feet, respectively. Therefore,
v.'ater that infiltrates the stream bed is relatively free to
percolate down through coarse-grained deposits to the ground-
water system.
Published reports of previous investigations indFcate
that the Platte River is hydrologically connected with the
groundwater reservoir. Keech (L952) suggested that there is
a close relationship between the discharge of the Platte
River and the amount of water in groundvrater storage. Studies
by Lugn and Wenzel (1938) proved that the Platte River is
sometimes a losing stream and sometimes a gaining stream. A
rise or falI in the river stage is accompanied by a rise or
fal1 in the vrater levels in observation wel1s near the river.
l-reeause the Loss between the two gaging stations often is
createst in the late faII and winter months when evapotranspira-
ti<rn is minimal, Keech (l-952) attributed it to water percolating
.*
)v
fron the Platte River into the groundwater reservoir, He
concl-uded that some of this water recharges the ground.water
reservoir which has been depleted during the summer month.q
as a result of evapotranspiration and pumpage for irrigatior:,
Hydrologic evidence suggests that the Platte River loses
flow along approximately 4J miles of channel between the
gaging stations near Odessa and Grand Island. Published ca':a
coLlected by the U.S. Geological Survey for the same period
of record as that for the Wood River were organized to dete:'-
mine monthly net loss or gain volumes (fig, ?) " Foz' the per::oo
of reeord investigateo, the average annual loss between the
two Platte River gaging stations rvas &8,100 acre-feet, Due
to evaporation and transpiration losses, nct ali of this cai-
eulated volume infiltrates the stream bed; aithough, as Keec.'.
(tgsZ) noted, the typically large losses during ihe late fai*
and wlnter months probably, in large part, r€charge thB ground-
rrater reservoir.
Small ephemeral streams such as Prairie, Silver and
Beaver Creeks are sources of g::or:ndwater recharge after rains,
These streams collect irrigation l'eturn wa.--e.r &rid a portion
of this water seeps to ihe groundwater reservoj-r.
Essentially all irrigation water in -rne county comes from
welIs.. In 1971 nearly &8 percent of the lanci j"n Hal1 Coun..,'
was irrigated (Nebraska Dept. Agriculture , L9?2') " Some watcr
withdrawn for irrigation returns to the grouni,.va-:er reservoir
as deep-percolation loss. The amount of seepaile to the water
table is governed by several variabre factors inclu<iing type
5 -
4 0 L  
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U n i o n  P a c i f i c r  
B r o a d w e l l ,
L o c u s t ,  a n d  H a n c o c k .  O n  
J u l y  
9 ,  
L 9 7 L ,  
s a m p l e s  
w e r e  
c o l l e c t e d
f r o m  a l l  
1 2  
v r e l l s  
i n  
t h e  P l a t t e  R i v e r  
w e l l  
f i e l d  
s u p p l l r i n g
w a t e r  
t o  G r a n d  
I s l a n d .  
S e v e n  
w e l l s  
s u p p l y i n g  
p o t a b l e  w a t e r
t o  t h e  
C o r n h u s k e r  A r m y  A m m u n i t i o n  P l a n t  
w e r e  
s a m p l e d  
o n  
A u g u s t
L 9 ,  1 9 7 l - .
0 n  A u g u s t  
f 0 ,  1 9 7 t ,  
t h r e e  
s a m p l e s  
w e r e  
o b t a i n e d  
f r o m  
t h e
P l a t t e  
R i v e r ,  T h e  
W o o d  
R i v e r  w a s  
s a r n p l e d  
a t  
f o u r  l o c a t i t n s
o n  M a r c h  
1 5 ,  L 9 7 2 .  O n e  s a m p l e  w a s  a l s o  c o l l e c t e d  f r o m  
P r a i r i e
C r e e k  
o n  
l [ a r c h  
7 5 ,  
1 9 7 2 ,
A l l  
s a m p l e s  
w e r e  
e o l l e c t e d  i n  c l e a n ,  
p l a s t i c  
c o n t a i n e r s
s u p p l i e < i  b y  
t h e  
Q u a l i t y  
o f  
W a t e r  
B r a n c h  o f  
t h e  
U . S .  
G e o l o g i c a l
S u r v e y ,  
B e f o r e  
t h e  s a m p l e s  
w e r e  
c o l l e c t e d ,  
t h e  
b o t t l e s  w e r e
r i n s e d  
i v i t h  
w a t e r  
f r o m  t h e  s o u r c e  
t o  
b e  
s a m p l e d .
P o s s i b l e  
s o u r c e s  
o f  
p o l l u t i o n ,  
6 u c i 1  a s  f e e d l o t s ,  
w a s t e
d i s p o s a l  
s i t e s  
a n d  
s i t e s  
o f  
s e w a g e - e f f l u e n t  
d i s c h a r g e  
w e r e
o b s e r v e d  
i n  t h e  f i e l d  
a n d  w e r e  
l o c a t e d  
o n  
b a s e  
m a p s .  
D o i n e s t i c
t v e I l  
o v r n e r s  w e r e  
i n t e r v i e w e d  
r e g a r d i n g  l o c a t i o n  a n d  
e o n s t r u c -
t i o n  o f  s e p t i c - t a n k  
d i s p o s a l  
s y s t e m s .  
A p p r o x i m a t e l y  6 0
r ; \
) 7
i r r i g a t i o n  
v r e l l  
o w n e r s  
a n d  o p e r a t o r s  
s u p p l i e d  d a t a  c o n e e r n i n g
t l T e  a n d  
a m o u : r t  
o f  f e r t i l i z e r  
a p p l i e d  t o  a d j a c e n t  
f i e l d s
a n d  s i z e  
a n d  
l o c a t i o n  o f  n e a r b y  
f e e d l o t s .
I n  
M a r c h  
L 9 ? 2  
f i e l d  i n v e s t i g a . t i o n s  
w e r e  m a d e  a t  
s e v e r a l
d o m e s t i c  
w e I l  
s i t o s  
w h e r e  
h i g h  n i t r a t e  
c o n t e n t s  
h a d  
b e e n
f o u n d .  D a - L a  
c o n c e r n i n g  
p h y s i c a l  
a n d  h y d r o g e o l o r g i c  
s e t t i n g '
v r e l l  
c o n s t r u c t i o n ,  
a n d  
p o s s i b l e  
s o u r c e s  o f  
p o l l u t i o n  
w e r e
. q a t h e r e d .
L a b o r a t o r y
D r .  
R a u f  
P j . s k i n  
a n d  t h e  
w r i t r : r  
r a n  
c h e m i c a l  
a n a i . y s e s  
" L o
d e t e r m i n e  
t h e  c o n c e n t r a t i o n s  o f  
s e l e c t e d  
c h e m i c a l  
c o n s t i t u e n t s
i n  t h e  
g r o u n d . w a t e r  
a n d  s t r e a m  s a m p l e s .  I n  
a d d i t i o n ,  s p e c i f i c
c o n c l u c t a n c e  
w a s  
m e a s u r e d .
T h e  
H a c h  D i r e c t  
R e a d i n g  C o l o r i m e t e r  
w a s  
u s e d  
f o r  d e t e r -
n i n i n g  
t h e  n i t r a t e ,  
p h o s p h a t e  
a n d  s u l f a t e  c o n c e n t r a t i o n s ,  
a n d
f o r  m e a s u r i n g  
t h e  
p H .  
C h l o r : i c i e  c o n c e n t r a t i o n s  
w e r e  
d e t e r r n i n e d
b y  
t h e  
M e r c u r i c  
N i t r a t e  
l J l e t h o d  
a s  
o u t l i n e d  
b y  
t h e  
H a c h  
C h e r n i c a l
C o m p a n y  
( C a t a l o g  
N o .  1 0 ,  L 9 6 ? ) ,
A  S o l u - B r i d g e  
( t q o a e t  
R D - 1 5 )
e q u i p p e d  
r v i t h  
a  
c o n d u c t i v i t y  c e l 1  
w a s  
u s e d  t o  d e t e r m i n e  
s p e c -
i f i c  
c o n d u e t a . h c €  r
R E G I  
O N A L  H Y D R O C H E I U I S T R Y
T h e  
p r i m a r y  
e n v i r o n m e n t a l  f a c t o r s  
e o n t r o l l i n g  
t h e  c h e m i c a l
c h a r : a c t e r  
o f  
g r o u n d w a t e r  
a r e  
t h e  a t m o s p h e r i c  c o n d i t i o n s ,  s o i - 1
c h e m i s t r y  
a n d  
p h y s i c s ,  
t h e  
m i n e r a l o g y  a n d  l i t h o l o g y  o f  t h e
g e o l o g i e  
f r a m e w o r k  a n d  t h e  
f l o w  c h a r a c t e r i s t i c s  
o f  t h e  
w a t e r .
( B a c k  
a n d  H a n s h a ' r ,  
L 9 6 5 ) .  T h e  e n v i r o n m e n t a l  
f r a m e w o r k  
w i t h i n
v r h i c l " r  
t , h e  
, q r o u n d r a . t e r  
o f  
H a I l  C o u n - b y  o c e l l r s  h a s  
b e e n
e s t a . b l i s h e d ,  
f o r  
t h e  m o s ' L  
p a r b ,  
i n  
t h e  
p r o c e d i n g  
s e c t i o n r l
o f  t h i s  
r e p o r t .  
T h e  h j ' d r o c h e m i e a l  
a s p e c - b  
o f  
t h i s  s t u d y  
v r a s
d i r e c t e d  
t o w a r d s  
o b t a i n i n g  a d e q u a t e  
f i e l d  
a n a l y s e s  t o  d e f i n e
a n d  
e x p l a i n  
t h e  o c c u r r e n c e  
a n d  
d i s t r i b u t i o n  o f  
s e l e c t e d
c h e m i c a l  
c o n s t i t u e n t s  a n d  
p h y s i c a l  p r o p e r t i e s  
i n  r e l a t i o n
t o  
n a t u r a l  a n d  a r t i f i c i a l  
e n v i r o n m e n t a l  f a c t o r s .
P h y s i c a l  P r o p e r t i e s
T h e  
p h y s i c a l  
p r o p e r t i e s  
i n v e s t i g a t e d  
w e r e  
h y d r o g e n  i o n
c o n c e n t r a t i o n ,  
p H ,  
a n d  s p e c l f i c  e l e c t r i c a l  e o n d u c t a r r c € .
t h e  e f f e c t i v e  
e o n c e n t r a t i o n  o f  h y d r o g e n  
i o n s  
i n  
w a t e r
i s  
e x p r e s s e d  
l o g a r i t h m i c a l l y .  T h e  
a b b r e v i a t i o n ,  
p H ,  
r e p r e -
s e n t s  t h e  
n e g a t i v e  b a s e  
1 0  l o g a r i t h m  o f  t h e  h y d r o g e n  i o n
e o n c e n t r a t i o n  
i n  
m o l e s  
p e r  
l i t e r .  I f  t h e  
p H  
i s  
g r e a t e r  
t h a n
7 , 0 ,  
t h e  
w a t e r  
i s  
a l k a l i n e .  
I f  t h e  
p H  
i s  l o w e r  t h a n  
7 . A ,
t h e  
w a t e r  
i s  a c i d i c .  
*
T h e  f i e l d  
p H  
v a l u e s  
i n  t h e  
s t u d y  
a r e a  r a n g e d  f r o m  
5 . 5
t o  
? . 8  
v r i t h  
m o s t  v a l u e s  
? . 0  
o r  
g r e a t e r .  
L a b o r a t o r y  d e t e r -
m i n a t j . o n s  w e r e  
m a d e  f o r  
m o s t  w a t e r  
s a m p l e s  
w h e r e  p H  
d e t e r -
n i n a t i o n s  
w e r e  
n o t  
m a d e  
i n  t h e  f i e l d .  
I n  
g e n e r a l ,  
l a b o r a -
t o r y  
v a l u e s  
w e r e  
h i g h e r  t h a n  f i e l d  
v a l u e s  
f o r  
w a t e r  
f r o m
n e a r b y  
w e I l s .  
B a c k  
a n d  H a n s h a w  
( 1 9 6 5 )  
o b s e r v e d .  
t h a t  l a b o r a -
i o r y  
p H  
i s  u s u a l l y  
h i g h e r  t h a n  
f i e l d  
p H  
b e e a u s e  
t h e  
w a t e r
s a m . p l e  
h a s  
h a d  
t i m e  
t o  i n t e r a c t  
w i t h  
t h e  
a t m o s p h e r e .
S p e e i f i c  
e l e c t r i c a l  
c o n d u c t a n c e  
i s  a  
m e a s u r e  
o f  t h e
a b i L i t y  
o f  a n  a q u e o u s  
s o l u t i o n  




c u l : r e n t  
a n d  
i s  t h e r e f o r e  
a n  
i n c i i c a t i o n  
o f  
t h e  i o n i c  s t r e r r g t h
o f  t h e  s o l u t i o n  
( B r o r v n  
e . t  a I . ,  
I 9 ? 0 ) .  
T h e  s p e c i f i c  c o n d u c t -
a n c e  
o f  
r v a t e r  
h a s  
b e e n  
d e f i n e d  b y  
t h e  
A m e r i c a n  S o c i e t y  
f o r
T e s t i n g  
a n d  i \ l a t e r i a l s  
( 1 9 6 4 )  
a s  
" t h e  
r e c i p r o c a l  o f  t h e
r e s i s t a n c e  
i n  o h m s  m e a s u r e d  
b e t w e e n  o p p o s i t e  f a c e s  
o f  
a
c e n t i m e t e r  
c u b e  o f  
a n  a q u e o u s  s o l r r t i o n  
a t  
a  
s p e c i f i e d  t e r n -
p e r a t l u : e . "  
N a t u r a l  
w a t e r s  h a v e  s p e c i f i c  c o n d u c t a n e e s  
m u c h
l e s s  t h a n  
I  
m h o t  
t h e r e f o r e ,  
d a t a  a r e  r e p o r t e d  i n  
m i c r o m h o s ,
t
( m h o s  
X  
1 0 " ) /  
c m  
( U e m ,  
1 9 7 0 ) ,
S p e c i f i c  
c o n d u e t a n c e  i s  
a  f u n c t i o n  
o f  
t h e  t e m p e r a t u r e '
i o n  c o n c e n t r a t i o n ,  a n d  t y p e  o f  
i o n .  
T h e  s t a n d a r d  
t e m p e r a t u r e
f o r  l a b o r a t o r y  m e a s u r e m e n t s  
i s  
2 5 o  
C ,  e l i m i n a t i n . q  
t e m p e ; ' a i i l r e
a s  a  
v a r i a b l e .  
T h e  r e l a t i o n s h i p  
b e t w e e n  
i o n i c  
e o n c e n t r a t i o n
a n d  
s p e c i f i c  
c o n d u c t a n c e  i s  
r o u g h l y  
l i n e a r .  
T h e  
r a t i o  
o f  
t h e
t o t a l  
r l i s s o l - v e d  
s o l i d s  i n  
m i l l i g r a m s  
p e r  
l i t e r  t o  t h e  
" O : " -
i f i c  
c o n d u c t a n c e  
i n  
m i c r o m h o s  
p e r  
c e n t i m e t e r  f o r  n a t u r a l
' , v a t e r  
u s u a l l y  
r a n g e s  f r o m  
A , 5 5  
t o  
0 . ? 5  
( H e r a ,  
1 9 7 0 ) .  
T h e  U . S .
S a l - i n i t y  
L a b o r a t o r y  S t a f f  
( 1 9 5 4 )  
f o u n d  t h a t  t h i s  r a t i o  i s
a p p r o x i m a t e l y  0 . 6 4 ,
T h e  s p e c i f i c  
c o n d u c t a n c e  v a - l u e s  f o r  
w a t e r  
s a m p l e s  f r o m
i h e  
g r o u n d w a t e r  
s y s t e m  
i n  
H a l I  C o u n t y  a r e  s h o w n  
o n  
p l a t e  
6 .
C o n r i u c t i v i t y  
v a l u e s  
d e t e r m i n e d  f o r  
t h e  
s t u d y ,  
w h i c h  
r a n g e
f r o m  
1 0 0  
t o  1 , 0 0 0  
m i c r o m h o s / c m ,  
h a v e  
b e e n  
r o u n d e d  
t o  
t w o
s i g n i f i e a n t  
f i g u r e s .  V a l u e s  
r a n g e  
f r o m  
1 5 0  a t  
w e l l  
1 2 N - 1 1 V / -
2 a b a  
t o  
2 , 2 A 0  
m i c r o m h o s / e m  
a t  
w e l l  
9 N - 1 2 W - 2 1 b b .
F i g u r e  B  
r e p r e s e n t s  a  
f r e q u e n c y  d i s t r i b u t i o n  
o f  
s p e c i f i c
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e o n d u c t a n c e  
o f  
w a t e r  
c o l l e c t e d  
f r o m  
" 1 . ( : - l -  
v ; e - l 1 s  
i n  
H a . l  
I  
C o ' ; r , ' l ; ) r
f o r  t h e  s t u d y .  
A s s r r m i n g  t h a t  
8 0 0  
m i c r o r n h o s / c m  
i s  
r : q r l i . v a . l - r n ' h
t o  
J A C  
n . r / \ ,  
4 ?  
v r a t e r  
s a m p l e s  o r  
2 9 , 2  
p e r c e n t  
o . f  t h e  
s ; a m p - i - c r ;
c o n t a i n e d  m o r e  t h a n  
5 O O  
n x / L  o f  d i s s o l . v e c t  
s o l - i d s ,  
v r h i e h
e x c e e d s  
t h e  r e c o m m e n d e d  l i r " i i t  
f o r  d r i n k i n g - w a t e r  
s u p p l i e s
( u . S .  
P u b 1 i c  H e a l t h  
S e r v i e e ,  
L 9 6 ? . )  
,
C h e m i c a l  
P r o p e r t i e s
T h e  
p r i m a r y  
s o u r c e  
o f  
g r o u n d w a t e r  
i n  
H a 1 I  C o u n t y  
i s
a t m o s p h e r i c  
p r e c i p i t a t i o n .  
T h i s  
n e a r l y  
p u r e  
w a t e r  
u n d e r g o e s
a  
c o m p l e x  
g e o c h e m i c a l  
t r a n s f o r m a t i o n  a s  i t  i n f i l t r a t e s  
t h e
s u r f a c e  
s o i l  a n d  m o v e s  t h r o u g h  t h e  u n s a t u r a t e d  
z o n e .  
W h e n
t h i s  
w a t e r  
m o v e s  i n t o  t h e  s a t u r a t e d  
z o n e  i t  a g a i n  
u n d e r q o e s
a  
c o m p l e x  
g e o c h e m i e a l  
e v o l r r t i o n  a s  
c h e m i c a l  
e q u i l i b r i u m  i s
e s t a b l i s h e d  
w i t h  
m i n e r a l s  
i n  t h e  a q u i f e r .
T h e  
p e t r o g r a p h y  
o f  
t h e  a q u i f e r s  
c o n t r o l s '  
t o  
a  
1 a r 6 e
e x t e n t ,  
t h e  e h e m i c a l  c h a r a c t e r i s t i c s  
o f  t h e  
g r o u n d w a t e r  
i n
t h e  
s t u d y  a ? e a .  
T h e  s a n d  a n d  
g r a v e l  
a q u i f e r  o f  
P l e i s t o c e n e
a g e  
a n d  
t h e  
f i n e - t e x t u r e d  
a q u i f e r  o f  
T e r t i a r y  
a g e  
a r e  
p r i n -
c i - p a l I 1 r  
c o m p r i s e d  o f  
q u a r t z ,  
f e l d s p a r s ,  a n d  m i n o r  a m o u n t s  
o f
r n a f i e  
m i n e r a l s .  
A n a l y s i s  
o f  t h e  
S t i f f  
d i a g r a m s  o f  
p l a t e  
?
i n d i c a t e s  t h a t  o n l y  s l i g h t  
v a r i a t i o n s  
e x i s t  
b e t w e e n  
t h e
m a j o r  
c a t i o n  a n d  a n i o n  c o n s t i t u e n t s  o f  t h e  t w o  
a q u i f e r s .
S e v e r a l  
f a c t o r s  c o n t r o l  t h e  d i s s o l v e d - s o l i d s  c o n t e n t  o f
g r o u n c i w a t e r .  
T h e  
p r i n e i p a l  
f a c t o r s  a r e  t h e  
d i s s o l v e d - s o l i d s
c o n t e n t  o f  t h e  w a t e r  
e n t e r i n g  
t h e  
a q u i f e r t  
t h e  
d i s t r i b u t i o n ,
s o l u b i l i t y ,  
a n d  e x c h a n g e  
c a p a c i t y  o f  t h e  
m i n e r a l s  
i n  t h e
. 3
t t z
a q u i f e r ;  
t h e  
p o r o s i t y  
a n d  
p e r m e a b i l i t y  
o f  t h e  a q u i f e r ;  
a n d
t l r e  f l o r v  
p a t h  
o f  
t h e  
r v a t e r  
( B a c k  
a n d  H a n s h a w ,  
L 9 6 , 5 ) ,  
O t h e r
f a c i o r s  
t h a t  a f f e c t  
t h e  
d i s s o l v e d - s o l i d s  
c o n t e n t  o f  
t h e
r ' , , a t e r  
a r e  
p h y s i c a l  
a n d  
c h e r n i c a l  c h a r a c t e r  o f  
t h e  
s o i l
t h r o l r , q h  
w h i c h  
t h e  
w a t e r  
p e : : c o l a t e s  
a n d  
t h e  
a c t i v i t y  
o f
m i c r o o r g a n i s m s  
( n a c i < ,  
1 9 5 6 )  
.
B a c k  
( L 9 6 , 6 )  
p r o p o s e d  
a  m o d e l  
t o  e x p l a i n  t h e  d . i s s o l v e d -
s o l i d s  
c o n t e n t  o f  
g r o u n d w a t e r  
w h i c h  
i s  
a p p l i c a b l e  
t o  t h e
a q u i f e r s  
o f  P l e i s t o c e n e  
a n d  
T e r t i a r y  
a g e  
i n  t h e  
s t u d y  & r € a .
f h e  m o d e l  
i s  b a s e d  
o n  t h e  
a s s u m p t i o n s  
" t h a t  
c h e m i c a l  
e q u i l i b -
r i - u m  h a s  
n o t  b e e n  a t t a i n e d  
b e t l v e e n  
t h e  
w a t e r  
a n d  
t h e  m i n e r a l s
a n d  
t h a t  a n  
e x e e s s  
o f  
s o l u b f e  
m a t e r i a l  
i s  
a v a i l a b l e ,  
t h e
d i s s o l v e d - s o l i d s  
c o n t e n t  o f  
t h e  
w a t e r  
i n c r e a s e s  a n d  
t h e  c h e m -
i c a l  
s y s t e m  
t e n d s  
t o  m o v e  c l o s e r  
t o  e q u i l i b r i u m  a s  
t h e  f l o w
p a t h  
l e n g t h e n s . "
T h e  
s o l - u b i l i t y  
o f  
m a t e r i a l  
i - n  
a n  a q u i f e r  
i s  d e p e ? r d e n t
u p o n  s e v e r a l -  
p h y s i c a l  p r o p e r t i e s  
o f  
t h e  
a q u i f e r .  A  
c o n s t a n t
v o l u m e  
o f  
w a t e r  
a n d  a  d e e r e a s e  
i n  
g r a i n  
s i z e  
o f  s o l u b l e  
m a i e -
r i a l  
v r i l l -  
r e s u l t  i n  a  h i g h e r  
d i s s o l v e d - s o l i d s  
c o n t e n t  
b e c a u s e r
( 1 )  
t h e  s m a l l e r  
g r a i n s  
o f  
a n y  
s o l u b l e  m a t e r i - a I  w i l l  g o  
i n t o
s o l u t i o n  m o r e  
r e a d i l y  
t h a n  
c o a r s e  
g r a i n s  
o f  
t h e  
s a m e  
m a t e r i a l ,
a n d  
( 2 )  
t h e  s m a l l e r  
g r a i n  
s i z e  
c a u s e s  
a  
d . e c r e a s e  
i n  
p e r m e a -
b i l i t y  
t h a t  r e q u i r e s  
a  
l o n g e r  
r e s i d e n c e  
t i m e  
t o  t r a v e r s e  
t h e
s a n e  
f l o w  
d i s t a n c e  
( B a e f ,  
1 9 6 5 ) ,
T h e  
e f f e c i s  
o f  
v a r i a t i o n s  
i n  
s o i l ,  
r e c h a r g e ,  m i n e r a l o g y ,
t r a n s m i s s i v i t y ,  
a n d  
f r o w  
p a t h  
l e n g t h  a r e  a l l  
e v i d e n t  
i n  t h e
d i s s o l v e d - s o l i d s  
c o n t e n t  o f  
g r o u n d w a t e r  
i n  H a I l  
C o u n t y "
t t )
1 - l  n  
t , r , r :  
( .  
n r r r l  
7  
r - : h o w  t ; h o  
r : f f n c t s  o  
f  
' t ; h c r : e  
c o n t r o l $ .
0 n  a  
r e g i o r l a l  b a s i s ,  
t h e  
d i s s o l v e d - s o l i d s  
c o n t e n t  o f  t h e
g i ' c r u n d u r a t e r  
s ) r s t e r n  
i n  
H a 1 I  C o u n t y  d o e s  n o t  
i n c r e a s e  i n  
a  
d o w n -
g r a d i e n t  
d i r e c t i o n .  
T h e  r e l a t i v e l y  c o m p l e x  
p a t t e r n  
o f
d i s s o l v e d . - s o l i d s  
c o n t e n t  
( p l ,  
6 )  
i s  a t t r i b u t e d  
t o  
t h e  c o m b i n e d
e f f e c i s  
o f  e o m p l e x i t y  i n  t h e  t r a n s m i s s i v i t y  
t r e n d  
( f i g ,  
5 ) ,
v a z ' i a t i o n s  
i n  t h e  
m i n e r a l o g y  
o f  
t h e  a q u i f e r ,  r e c h a r g e  f r o m
s t r e a m s  
a n d  
p r e c i p i t a t i o n ,  
a n d  
v a r i a t i o n s  i n  t h e  c h e m i c a l
a n d  
p h y s i c a l  
c h a r a e t e r i s t i c s  
o f  s o i I s .
L o w  
d i s s o l v e d - s o l i d s  
c o n t e n t  o f  
w a t e r  
i n  s o m e  
a r e a s  
i s
a t t r i b u t e d  t o  
r e c h a r g e  b y  
p r e c i p i t a t i o n .  W e s t  
o f  
G r a n d  
I s l a n d ,
p r e c i p i t a t i o n  
r e a d i l y  
i n f i l t r a t e s  
t h e  
p e r m e a b l e  
a n d  L e a c h e d
s o i l s  o f  t h e  O r t e 1 1 o - T h u r m a n  
A s s o c i a t i o n  a n d  
p e r c o l a t e s  
t o
t h e  
s h a l l o w  
g r o u n d w a t e r  
r e s e r v o i r .  
S i g n i f i c a n t  r e c h a r g e  f r o m
p r e c i p i t a t i o n ,  
p o s s i t r l y  
a s  m u c h  a s  
2  
i n c h e s  
p e r  y e a r ,  
o c c u r s
i n  
t h e  s a n d  h i l I s  
r e g i o n  i n  t h e  n o r t h - c e n t r a l  
p a r t  
o f  f r r e
e o u n t y  
( p l .  
6 ) .
A s  
p r e v i o u s l y  
s t a t e d '  
h y d r o l o g i c  
d a t a  s h o w  t h a t  t h e  
W o o d
R i v e r  
l o s e s  
w a t e r  
b y  
p e r c o l a t i o n  
t h r o u g h  
t h e  
s t r e a m  
b e d  
w e s t
o f  
A l d a .  
A n a l y s i s  o f  
c h e m i e a l  
q u a l i t y  
d a t a  s u g g e s t s  t h a t  t h e
' t l o o d  R i v e r  
c o n t r i b u t e s  
d i s s o l v e d  s o l i d s  
t o  t h e  
a d j a c e n t
q r o n n d w a t e r  
s u p p l i e s ,  e s p e c i a l l y  
w e s t  
o f  
W o o d  
R i v e r .  A  s a m p l e
o f  
w a t e r  
t a k e n  
f r o m  
t h e  
W o o d  
R i v e r  
( f O i V - f e W - J Z b c b )  
f o r  
t h i s
j - n v e s t i g a t i o n ,  
a s  
p r e v i o u s l y  
d i s c u s s e d ,  
g a v e  
a  s p e c i f i e  
c o n -
r i n c t a n c e  
v a l u e  
o f  
L l 0 0  
m i e r o m h o  
s / c m .  
S p e c i f i e  
c o n C u c t a n c e  o f
s r o u n d w a t e r  
n e a r  
t h e  
l { o o d  
R i v e r  i n  t h i s  a r e a  
i s  
a s  h i g h  
a s
1 , 0 0 0  m i c r o m h o s / c m  
( p I .  
6 ) ,  
s u g q e s t i n g  
t h a t  s e e p a g e  




s t r e a m  
i s  a  
s o u r c e  
o f  
d i s s o l v e d  s o l i < l s .
H y d r o l o e i c  
d a t a  s u , q g e s t  
t h a t  
t h e  
P l a t t e  R i v e r  
- i s  
a
p c r s s i . h )  
c  s o u r c e  
o f  
d j .  s s o l v e d  
s a l t s  
i n  
t h e  a d  
j a c e n t  
g r o u n d -
w a t e r  
s u p p l i e s .  
E v a l u a t i o n  
o f  
c h e m i c a l  
q u a l i t y  
d a t a  
a l s o
i n d i c a t e  t h a t  t h e  
P l a t t e  R i ' u ' e r  
i s  c o n t r i b u t i n g  
d i s s o l v e d
s o l - i d s  
t o  
t h e  
a d j a c e n t  
g r o u n d w a t e r  
r e s e r v o i r .  
S p e c i f i c  
c o n -
c l u c t a n c e  
o f  t h e  
t h r e e  
s a m p l e s  
o f  
w a t e r  
c o l l e c t e d  f r o : i e  
t h e
P l a t ' t , e  
R i v e r  
a s  
p a r t  
o f  t h i s  
i n v e s t i g a t i o n  r a n g e d  f r o m  
8 5 0
t o  
B B 0  
m i c : r o m h o s / c m .  
C o n d u c t a n c e  o f  w a t e r  
c o l l e c t e d  f r o m  t h e
i t i o r t h  
a n d  S o u t h  
C h a n n e l s  n e a r  O d e s s a  
d u r i n g  t h e  
1 9 7 0  
w a t e r
) r e a r  
r a n g e d  
f r o m  
6 ? 2  
t o  1 1 2 6 0  m i c r o m h o s f c n ,  w i t h  
m o s t  
v a l u e s
i n  t h e  
? 5 0  
t o  
1 , I 0 0  
m i c r o m h o s / c m  
r a n g e ,  
S o d i u m  
c o n e e n t r a t i o n s
f o r  t h i s  
p e r i o d  
w e r e  
r e l a t i v e l y  h i g h ,  
r a n g i n g  f r o m  
6 l  
t o  
1 2 3
n g / \ ,  
( U . S .  
G e o l .  
S u r v e y ,  
1 9 Z O ) .
G r o u n d w a t e r  
i n  t h e  
v i c i n i t y  
o f  
t h e  
P l a t t e  R i v e r  
i s  c h a r -
a c t e r i z e c l  
b y  
r e l a t i v e l y  h i g h  
s p e c i f i c  
c o n d u c t a n c e  
v a l u t s
( p f .  
5 ) .  
T h i s  
i s  
p a r t l y  
d u e  
t o  
n a t u r a l  
a n d  a r t i f i c i a l l y  
i n -
d u c e d  
r e c h a r g e  o f  
s t r e a m  
w a t e r ,  
a l t h o u g h  
e v a p o t r a n s n i r a t i o n
i n  t h i s  
s h a l l o w  
w a t e r - t a b l e  
a r e a  
c o n c e n t r a t e s  
i n d i g e n o u s  
s a l t s .
S t i f f  d i a , r r a m s  
( S t i f f ,  
L 9 5 L )  
o f  P l a t t e  
R i v e r  
w a t e r  
a r e
s j m i l - a r  
t o  
t h o s e  o f  
n e a . r b y  
w e 1 1 s  
9 N - l l l V - B b b b ,  
1 0 N - 1 0 W - 1 2 c c c
a n d  
1 0 t { - 9 \ ' l - 1 1 b d  
( p l ,  
? ) ,  
T h e  
h i . g h  s o d i r r m  
a n d  
s u l f a t e  
e o n t e n t s
i n  P l a t t e  
R i v e r  v r a t e r  
a r e  s t r i k i n g l y  
r e f l e c t e d  
i n  t h e  
S t i f f
d i a g r a m  
o f  
w a t e r  
f r o m  
i r r i g a t i o n  
w e l l  
9 N - l l w - B b b b .  
T h e  
S t i f f
C i a g r a n s  
o f  v r e l l s  
1 0 N - 9 W - 1 1 b d  
a n d  1 0 N - 1 0 W - 1 2 c c  a l s o  r e f l e c t
t h e  
i n c r e a s e d  s o d i u m  
c o n c e n t r a t i o n  a n d ,  
t o  a  l e s s e r  d e g r e e ,
t h e  
i n c r e a s e d  
s u l f a t e  
c o n c e n t r a t i o n  
o f  t h e  
P l a t t e  
R i v e r  
w a t e r .
. ; \
4 5
A s  a  
r e s u l t  o f  t h e  d i v e r s i t y  
o f  
s o i l  
a s s o c i a t i o n s  i n
, { n l l -  C c ' - u - r t v ,  
t h e  l o c a l  
d i f f e r e n c e  
i n  
q u a l i t y  
o f  
g r o u n d r v a t e r
r : e f l e c t s - L i r e  
p h " v s i c a l  
a n d  c h e m i c a l  
p r o p e r t i e s  
o f  t h e  l o c a l
s c i l  
a s s o c i a t i o n .  S a 1 i n e  s o i l s  
c o n t r i b u t e  
d i . s s o l v e d  
s o l i d s
t o  t h e  
g r o u n d w a t e r  
s y s t e m  
i n  
H a I l  
C o u n t y .  T h e  
s o l u b l e  s a l t s
t i r a t  a c c u m u l a t e  
i n  
s a l i n e  
s o i l s  
c o n s i s t  
p r i m a r i l y  
o f  t h e
c a t i o n s  
o f  c a l c i u m ,  m a q n e s i u m  a n d  s o d i u r n ,  a n d  
t h e  c h l o r i d e ,
s u l f a t e ,  
a n d  b i c a r b o n a t e  
a : r i o n s  
( S e a t z ,  
a n d  P e t e r s o n ,  L 9 6 4 ) .
S a l t  
a c e u r r r u l a t i o n  
i s  t h e  f i r s t  s t a g e  
i n  t h e  s e q u e n c e  
o f
p r o c e s s e s  
c o m m o n  t o  
t h e  
q r o u p  
o f  s a l t - e n r i c h e d  s o i l s  
( S e a t z
a n d  P e t e r s o n ,  
1 9 6 4 ) .  J o h n  E l d e r  
( o r a l  
c o m m u n i c a t i o n )  n o t e s
t h a t  s o i l s  a r e  
c o n t i n u o u s l y  u n d e r * o i n g  
t h e  c y c l i c  
p r o c e s s e s
o f  s a l t  
a c c u m u l a t i o n  a n d  
s u b s e q u e n t  
l e a c h i n g .  
S a l t  
a c c u m u l a -
t i o n  u s u a l l y  
o c c u r s  
i n  a r e a s  o f  l i m i t e d  
r a i n f a l l ,  
w h e r e  
s u r -
f a c e  
w a t e r  
o r  
g r o u n d w a t e r  
d o e s  
n o t  d n a i n  a w a y  s u f f i c i e n t l y .
U n o . e r  
t h e s e  c o n d i t i o n s ,  w a t e r  
i s  r e m o v e d  l a r g e l y  
t h r o r l , g h
e v a p o r a t i o n  
o r  
t r a n s p i r a t i o n ,  
a n d  s a l t  
c o n c e n t r a t i o n  
i s  i n -
c r e a s e d  
( S e a t z  
a n d  
P e t e r s o n ,  
1 9 5 4 ) ,
A s  
a  r e s u l t  
o f  c h a n g e s  
i n  c l i m a t e ,  s o i l r  o r  
s o i l - m a n a g e -
m e n - b  
p r a c t i c e s ,  
s a l t s  a r e  
l e a c h e d  
f r o m  
a  s a l i n e  
o r  s a l i n e -
a i k a i i  s o i l .  
F o r  e x a m p l e r  
r € c i a n a t i o n  
o f  
s a l i n e  
s o i l s  
i s
e  f  f e c t e d  b ' y  
d r a i n i n s  
a n d  l e a c i r i n s  
( S e a t z  
a n d  
P e t e r s o n ,  
1 9 5 , l +  
)  
.
I r r i g a t i o n  
o f  
e r o p l a n d  
e n e o u r a g e s  
l e a c h i n . g  
o f  s a l t s  
t o  
t h e
g r o u n d l a t e r  
a s  
n o t e d  b y  
V { a i t e  
a n d  
o t h e r s  
( 1 9 4 9 ) ,  
j o h n  
E l d e r
( o r a l  
c o n n l u n i c a t i o n )  
p o i n t s  
o u t  
b i r a t  a p p l y i n q  
i r r i e a t i o n  w a t e r
i s  c o n p a r a b l e  t o  m o v i n g  
a  s o i l  
p r o f i l e  
f r o m  a  
s u b h u m i d  
c l i m a t i c
7 , o n e  
t o  a  h u m i d  
c l i m a t i c  z o n e  
w h e r e  
l e a c h i n g 5  
i s  
m o r e  
p r o n o u n c e c i . .
{ , r
t  
t .  
( ' ,
F l r , r c t u a t i o n s  
i n  
t h e  s t a t i c  
w 4 l s p  
l e v e 1  c a u s e  c h a n g e s  i n
: h e  s c l u b L e  
s a l t  c o n t e n t  o f  
s o i l s  
a n d  
g r o u n d w a t e r .  
A n  e l e v a t e d
r ' . ' e t e r  
t a b l e  d i s s o l v e s  
s o l u b l e  
s a l t s  
r v h i c h  
h a v e  l e a c h e d  d e e p
j  
n t o  
- t h e  
s o i l  p r o f i l e  
o r  b e l o v r  t h e  s o i 1  
p r o f i l e .  
A  
c 1 r : c - l i n l . n g
r ' ; a . L e r  
t a b - l e  
c a u s e s  
p r e c i p i t a t - i o n  
o f  s o l u b l e  s a l t s  a b o v e  
t h c
: ' . ' a t e r  
t a b l e ,  
r , r h i c h  
l a t e r  
w i l l  
b e  
s u b j e c t  
t o  
l e a c h i n g  
o r  d i s -
s o l u t i o n  
u n d e r  
c o n d i t i o n s  
o f  
a  
r . i s i n g  
w a t e r  
t a b l e ,
S o m e  
o f  
t h e  s o i l s  
i n  H a I l  
C o u n t y  
h a v e  s a l i n e  
o r  s a l i n e -
a l k a l i  
a c c t i m u l a t i o n  
i n  t h e i r  
s u b s o i l s .  A c c o r d i n g  
t o  
Y o s t  
g [
a . l - .  
( f 9 6 e ) ,  
t h e  
s o i l s  
o f  
t h e  
S a l i n e - A 1 k a l i  
t e r r a c e s ,  E x l - i n e -
' , ' , ' o o d  
R i v e r - S i l v e r  
C r e e k  
A s s o c i a t i o n  
( p I .  
3 ) ,  
h a v e  
a  
m o d . e r a t e l y
a n r i  
s t r o n g l y  
s a l i n e - a l k a l i  
l a y e r  
o r  a  
c a l c a r e o u s  
c l a y e y  s u b -
s o r 1 .  
A  h i g h  w a t e r  
t a b l e  
h a s  
i n f l u e n c e d  t h e i r  
d e v e l o p m e n t .
T h e  
a c c u m u l a t i o n  
o f  
s o l u b l e  s a l t s  
i n  t h e  
E x l i n e  
s o i l s  
i s
g r : e a t e s t  
a t  
c t . e p t h s  
o f  1 0  t o  
3 6  
j - n c h e s .  
T h e  w o o d  
R i v e r  s o i l s ,
n o s t  
e x t e n s i v e  b e t r v e e n  
C a i r o  a n c i  
t r { o o d  
R i v e r r  
c o n t a i n s  s d l u b l e
s a l t s  
b e n e a t h  
t h e  s u b s o i l  
h a r d p a n  
i n  t h e  a r e a s  
o n  t h e  
h i g h e r
t e l : i i a c e s .  
T h e s e  
s o i l s  
h a v e  
a  t h i c k e r  
s u b s o i l  
t h a n  
t h e  
c l o s e l y
z ' e l a t e d  
E x l i n e  
s o i l s ,  
a n d  
t h e  
s o l u b l e  s a l t s  
a r e  
d e e p e r  
i n  t h e
p r o f i l e .  
I t  i s  
p r o b a b l e  
t h a t  t h e s e  
s o l u b l e  
s a l t s  a r e  
c o n t r i -
b r i t i n g  
t o  
t h e  h i  
g h  
d i s s o l v e d - s o l i d s  
c o n t e n t  
i n  
g r o u n d w a t e r
s o r r t h  
o f  C a i r o .
T h e  U . S .  
D e p a r t m e n t  
o f  
A g r i c u l t u r e  
S o i l  
S u r v e y  
L a b o r a t o r ; r
a n a . - 1 - ; r z e d  
s a m p l e s  
c o l l e c t e d  d u r i n g  
t h e  
p e r i o d  
l - g L t g  
t h r o u g h  
L 9 5 L
f r o r n  s o i l  
p r o f i l e s  
i n  
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6.9, but was sti11 considerable at 6,1. Donald and Williams
(1954) founcl no evidence of appreciable loss of sulfur by
leaehing. Sulfate applied as superphosphate was accounted
for in the upper 4 inches of soil, Allison et aI (1959)
reported that sulfur losses in lysimeter leachates ranged
from 124 to 42? pounds of sulfate per acre for the J-year
study period.
General 0ccurrence in Water
The element sulfur in water generally oecurs in the
fully oxiriized stater 5+6, complexed. with oxygen as the anion
sulfate SO4-2 (Hem, 1970). The form in which anions con-
taining sul-fur oecur in solution is pH dependent. At 1ow pH,
reduced sulfur may be present as undi-ssociated H2Sr at high
pH, as HS-li and at very high pH, as S-2. Oxiciized sulfur
may be present as HSOU-I in strong acid, but the SOb-Zoform
pr:e',rails in the usual pH ranges of natural water (Hem, 1960).
the sulfate ion is chemieally stable in aerated water
and foz'ms salts of 1ow solubilit;r with a few uncommon metals,
The prineipal complications in sulfate chemistry in natural-
water are related to the tendency for sulfate to form ion pairs
and eomplexes with metal ions and to the involvement of su1-
fur in biolosical processes (Hem, 19?0),
Occurrence and Distribution in HalI County
Sulfate eoncentration in the groundwater system in
County ranges from L ng,/t to nearly 1r2OO ng/L (p1. 9),
HalI
Su1-
fate eoncentration in streams sampled for this study ranges
5L
from approximatel;r p-6 ng,/L for grorrnd.water diseharge in
F::air:ie Creek to 260 myl/L in the Platte Ri.ver south of Woorl
River. Some sul-fate concentrations reported by the Soll.
Testin,q Servlce were not included because well location data
were inadequate or sampled wells lvere very near wells sampled
hy other agencies. Furthermore, the resultr of some analyses
were omitte<l if the percent error in the combining weights
of cations and anion exeeeded 10 percent.
Twenty-five percent, l+1 of the 161 water samples collected
in Hall County as part of this investigation, contained rnore
than TJO ng/t of sulfate (fig, 9; which is the U,S. Public
Health Service (1962) recommenderl upper limit for drinking-
water supplies. Eleven samples from the Platte River well
fielrl eontained more than zJO ng/l of sulfate.
S ortree s
The potential sources of sulfate in the groundwater
slrstem in Hal1 County include r precipitationr saline-alkaIi
soils' fine-grained deposits in the unsaturated. zonee conlfirer-
eial fertilizer, feedlot waste, domestic and ind.ustrial
wastesn and seepage from streams,
Seve::a1 invesigators have collected data showing that
atmospheric precipitation is a source of sulfate in soil and
water. Junge (f9eO estirnated the average range of sulfate
concentration in rain over land to be approximately 2,2 ppm,
Gambell and Fisher Ogeu) found that sulfate in rainfatl in
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n*/L. Jacltson (fggU) noted that sulfur is added to soils in
rain and snowfall, ranging in amounts from a maximum of 30
pounds of sulfur per acre in industrial and urban areas
where coal, oil and gas are burned to a minimum of 5 pounds
per acre anmrally in thinly populated areas. Gambell and
Fisher (L966) Aetermined that the average sulfate concentra-
tion in precipitation in North Carolina and Virginia was
2.18 ng/\. These find"ings suggest that rain falling on
liall County contains measurable coneentrations of sulfate.
Some of this sulfate infiltrates surface soils and combines
with the soil soluti-on.
Sulfate accumulates naturally in some soils and is
leached to the water table under certain eonditiorrso Jackson
(1964) reported that gypsumr CaS04'zHZo, accumulates in soils
in semiarid and arid regiorrsr It oecurs in certain subsoils
as a weathering product of pyrite, FeS, even in soilstof
humid regiorrsr SuLfides in poorly drained saline soils
commonly become subjec.ted to oxidation when good drainage is
established, and the resulting sulfate accumulates or is
leacheri from the soils.
Saline-alkali soils in Hall County, including the Wood
River, Exline and Silver Creek series, contain salt accumu-
la.tions in their subsoils. In samples colleeted in 1951,
gfpsum was usually confined to one or two horizons, usually
just below, or coinciding with, the horiz"on of free lime
accumulation. It was noted that the presence of gypsum
'l+.
54
appeared to be the most characteristie property of the Wood
River soils (U,S. Dept. Agriculture Soil Survey Laboratoryr
L95t),
The U.S. Department of Agriculture has analyzed soil
samples from profiles in Ha1l County (see page 45), 0f
four Exline profiles, three contained gypsum in one or more
horizons. 0f eight Viood River profiles, six contained gypsum
in one or more horizons.
Soils of the elaypan terraces, Wood River Association,
rnay be a source of the sulfate in the area of increased con-
tent in the groundwater system south of Cairo. It is probable
that extensive cultivation and irrigation facilitates leaching
of naturally accumulated sulfates in this Bp€&.
Relatively thiek deposits of silts and clays in the
unsaturated zone are assoeiated with the area of increased
sulfate coneentration south of Cairo. Plate B shows Tilrt
the composite thickness of these silts and clays in this
area ranses from 10 to 25 feet. Test hole 11N-12w-2)ada,
located near the western edge of the high-sulfate area, was
crrilled through approximatel;r 28 feet of silty clay at'ove the
r,rater tab'le (Smith L965). f on exchange or other chemical
reactions within these silts and clays is a possible source
of the inereased sulfate concentration in the groundwater
slrstem,
Commercial fertllizer is a source of sulfate in soils
(Jaekson, 1954). In a J-year lysimeter experiment, ad.dition
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f e e d l o t  s i t e s  
a n d  s u l f a t e  
e o n c e n t r a t i o n s  
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t h e  
g r o u n d w a t e r  
r e s e r v o i r  n e a r  
t h e s e  f e e d l o t s ,
I { u n i c i p a l  
a n d  s e p t i c  t a n k  w a s t e s  
a r e  s o u r c e s  o f  s u l f a t e
i n  
w a t e r ,  
I ) o m e s t i c  w a s t e  
s u b j e c t  
t o  
s e c o n d a r y  t r e a t m e n t
t a i n s  
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t o  
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o f  s u T f a t e  
( G a t e s ,  
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T h e s e  
c o n -
s a m p l e  s
z r e  , z z c r I  
- { e , g s  
f r l a n  
( r 7 o s e  
f o u n d  i n  
w a t e r
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f r o m  
t h e  
g r o u r i d w a t e r  
s y s t e m  
i n  
m o s t  a r e a s  o f  
H a 1 1  
C o u n t y  
a s
w e l l  
a s  
i n  
w a t e r  
f r o m  t h e  
P l a t t e  R i v e r .  T h e r e f o r e ,  
i t  i s
p r e s u m e d  
b y  t h e  
w r i t e r  
t h a t  d o m e s t i c  
w a s t e  
d o e s  n o t  s i g n i f i -
e a n t l y  
i n c r e a s e  t h e  
s u l f a t e  
e o n c e n t r a t i o n  
i n  t h e  
g r o u n d v r a t e r
s y s t e m  
i n  
H a I l  C o u n t y .
l l y d r o l o e i c  
a n d  
c h e m i e a l  
q u a l i t y  
d a t a  
s u g g e s t i n g  
t h a t  
t h e
P l a t t e  
R i v e r  
i . s  o f t e n  
a  
l o s i n e  
s t r e a m  a n d  
e o n t r i b u t e s  
c h e m i c a l
c o n s t i t u e n t s  t o  t h e  n e a r b y  
q r o u n d v r a t e r  
r e s e r v o i r  
h a v e  
b e e n
p r e s e n t e d .  
W a t e r - q u a l i t y  
d a t a  i n d i c a t e  
t h a t  
t h e  
P l a t t e  R i v e r :
i s  c o n t r i b u t i n g  s u l f a t e  
t o  t h e  
a d j a c e n t  
g r o u n d w a t e r  
s u p p l i e s .
T h e  
s u l f a t e  
c o n c e n t r a t i o n  i n  
w a t e r  
f r o m  t h e  
P l a t t e  R i v e r  i s
r e l  
a t i v e l y  
h i g h  
f o r  s u r f a e e  
w a t e r .  
T h e  t h r e e  
s a m p l e s  c o l l e c t e d
a n d  
a n a l y z e d  
f o r  
t h i s  
s t u d y  c o n t a i n e d  a n  
a v e r a g e  s u l f a t e  c o n -
c e n t r a t i o n  o f  
2 4 9  
m r : / L .  T h e  
1 r . S .  
G e o l o g i e a l  
S u r v e y  a n a l y z e s
v r a t e r  
s a m p l e s  
c o l - l e e t e d  b i m o n t h l y  
f r o m  
t h e  N o r t h  a n d  
S o u t h
C h a n n e l s  
o f  t h e  
P l a t t e  
R i v e r  n e a r  
0 v e r t o n ,  N e b r , ,  a p p r o x i -
m a t e l y  2 8  
m i l e s  
u p s t r e a m  f r o m  H a l 1  
C o u n t y .  
D u r i n g  t h e  7 9 7 0
w a t e r  
y e a r ,  
O c t o b e r  
1 9 6 9  t h r o u g h  S e p t e m b e r  1 9 7 0 ,  
s u l f a t e
c o n e e n t r a . t i o n s  
r a n g e d  
f r o m  
I - J B  t o  
3 %  
n g / l  
( U . S .  
G e o 1 .  
S u r v e y ,
1 9 ? 0 ) .  f h e  
s i r n i l a r i t y  o f  t h e  
S t i f f  
d i a g r a m s  f o r  
P l a t t e  
R i v e r
w a . - i e r  
a n d  a d j a c e n t  
, g r o u n d v r a t e r  
( p ] .  
? )  
s u g g e s t s  t h a t  t h e
r i v e r  
c o n i r i b u i e s  c h e m i c a l  c o n s t i t u e n t s  
t o  
t h e  
g r o u n d w a t e r
s l r s t e m .  
T h e  
S t i f f  
d i a g r a m  
f o r  
i r r i g a t i o n  
r v e 1 1  
9 i ' l - 1 1 ! / - 8 b b b
r e f - l - e c t s  
t h e  
i n c r e a s e d  s u l f a t e  
c o n c e n t r a t i o n  i n  t h e  
P l a t t e
R i v e r  
n , a t e r  
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d o  t h e  S t i f f  
d i a g r a m s  f o r  
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a n d r  
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l e s s e r  
d e g r e e ,  
w e l l  
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I v l o s t
w a t e r  
s a m p l e s  
c o L l e c t e d  f r o m  
w e 1 1 s  
n e a r  t h e  P l a t t e  
R i v e r
, . {
5 7
c o n t a i n e d  
s i g n i f i e a n t  c o n c e n t r a t i o n s  o f  
s u l f a t e .  T h e  
s u l f a t e
c o n c e n t r a t i o n  i n  t h e  
g r o u n d w a t e r  
s y s t e m  n e a r  
t h e  
F l a t t e  
R i v e r
q e n e r a l . ) - y  
r a n g e s  
f r o m  a b o u t  
2 0 0  
t o  
1 , O O O  m g . / l  
( p l .  
9 ) ,
R e l - a t i  o n  
t o  
S e l e e t e d  V a r i a b l e s
A  
c u r s o r y  e x a m i n a t i o n  o f  t h e  
d a t a  c o l l e c t e d  f o r  
t h i s
s t u d y  s u g g e s t e d  
a n  i n v e r s e  r e l a t i o n s h i p  
b e t w e e n  s u l f a t e
c o n t e n t  i n  
p ; r o u n d w a t e r  
a n d  d e p t h  t o  
t h e  
s t a t i c  
w a t e r  
} e v e l .
L i n e a r  
r e g r e s s i o n  a n a l y s i s  
o f  t h e s e  
d a t a  
f o r  1 J 0  
w e l l s
s a m p l e d  
i n  
H a l l  
C o u n t y  
y i e l d e d  
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w h i c h  
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p e r -
c e n t  l e v e 1 .  
S e v e r a l  
n a t u r a l  
e o n d i t i o n s  
m a y  
b e  
r e s p o n s i b l e
f o r  
t h i s  
r e l a t i o n s h i p .  
I n  
s h a l l o w  
w a t e r - t a b l e  
a r e a s ,  
s o l u b l e
s a ' l t s ,  
i n c l u d i n g  s u l f a t e ,  a r e  
c o n c e n t r a t e d  b y  t h e  
p r o c e s s e s
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a q u i f e r .  
A n o t h e r  
n a t u r a l  
c o n d i t i o n  
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i n v e r s e  
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c o n c e n t r a t i o n  
i n  
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s u l f a t e r  
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g r o u n d w a t e r  
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w i t h  
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r v a t e r  
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c o n c e n t r a t i o n  z o n e s
i s  
g e n e r a l l y  
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d e e p  
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u n i v e r s a l l y  
p r e s e n t ,  
w i t h
e s s e n t i a l  
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r e c o g n i z e d  
a s  
a  
v i t a l  m i c r o n u t r i e n t  f o r  
p l a n t  
g r o w t h
( S e h r a u f n a g e l ,  
\ 9 6 5 ) .
G e n e r a l  O c c u r r e n e e  i n  
S o i l  
a n d  
W a t e r
C h l o r i n e  
i s  
a  
m e m b e r  o f  
t h e  
h a l o g e n  
g r o u p  
w h i c h  
a l s o
i n e l u d e s  f l u o r i n e ,  
b r o m i d e  a n d  
i o d i n e .  
C h l o r i n e  i s  
t h e  m o s t
r v i d e l y  
d i s t r i b u t e d  
o f  t h e  h a l o g e n s  
j - n  
n a t u r a l  
w a t e r .  G e n e r -
a l l y  
i t  i s  
p r e s e n t  
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t h e  c h l o r i d e  
i o n ,  C 1 - .  
T h e  c h l o r i d e
i o n  c a n  f o r m  c o m p l e x e s  
w i t h  
a  
f e w  
o f  
t h e  
p o s i t i v e l y  
c h a r g e d
i o n i c  
s p e e i e s  
o f  
n a t u r a l  
w a t e r ,  a l t h o u g h  s u c h  c o m p l e x e s  
a r e
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g e n e r a l l y  
i n s i g n i f i c a n t  
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T h e  
c h e m i c a l  
b e h a v i o r  
o f  
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e h l o r i d e  
s a l t s  
a r e  h i g h l y
s o l u b l e  s o  
c h l o r i d e  i s  r a r e l y  
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w a t e r  b y  
c h e m i c a l
p r e c i p i t a t i o n ,  
C h l o r i d e  i s  a l s o  r e l a t i v e l y  f r e e  
f r o m  t h e
e f f e c t s  o f  
e x c h a t r g € ,  
a d s o r p t i o n  a n d  b i o l o g i c a J -  a c t i v l t ; r .
T h e r e f o r e ,  
i f  
w a t e r  
t a k e s  
e h l o r i d e  
i n t o  s o l u t i o n ,  
i t  
i s
d i f f i e u l t  
t o  r e m o v e  t h e  c h l o r i d e  
t h r o u g h  
n a t u r a l  
p r o e e s s e s r
t h e  
c i r c u l a t i o n  
o f  c h l o r i d e  
i o n s  
i n  t h e  
h y d r o l o g i c  c y c l e  i s
l a r g e l y  
t h r o u g h  
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p r o c e s s e s .  
T h e  n o n - r e a c t i v i t y  i s
s h o r v n  
b y  
e x p e r i m e n t s  
w i t h  
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g r o u n d w a t e r  
d e s c r i b e d
b l r  K a u f m a n  
a n d  0 r 1 o b  
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T h e y  f o u n d  t h a t  c h l o r i d e  
j " o n s
m o v e d  v r i t h  
t h e  
w a t e r  
t h r o u g h  
m o s t  
s o i l s  
t e s t e d  
w i t h  
l e s s
r e t a r d a t i o n  
o r  l o s s  t h a n  a n y  o t h e r  c h e m i e a l  o r  r a d i o a c t i v e
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t e s t e d .  T h e  
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n o t
a t t r a c t e d  
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t h e  n e g a t i v e l y  
c h a r g e d  
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c h l o r i d e  
i o n s  
p r e e i p i t a t e d  
b y  
s o i l  r e a c t i o n s .
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T h e r e f o r e ,  c h l o r i c l e  
i o n s  
c a n  
m o v e  
u n a l t e r e d  
w i t h  
t h e  
g r o u n r l -
r v a . t o r r  
a l t h o t r g h  t h c r e  
m i l y  
b e  a  s u b s t a n t i a l  
c h a n g e  i r r t h e
m a k e u p  
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t h e  
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P r a t t  
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w a t e r
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n o t  
p r e c i p i t a t e d ,  
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C h l o r i d e  
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p r e s e n t  
i n  a l l  n a t u r a l  
w a t e r s ,  
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c e n t r a L i o n s  a r e  
g e n e r a l l y  
I o w .  
S h a l l o w  
g r o u n d w a t e r  
i n
r e g i o n s  o f  
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p r e c i p i t a t i - o n  g e n e r a l l y  
c o n t a i n s  l e s s  t h a n
J 0  
p p m  
o f  c h l o r i d e .  
C o n c e n t r a t i o n s  
o f  1 , 0 0 0  
p p m  
o r  
m o r e  a r e
c o m m o n  
i n  
g r o u n d w a t e r  
f r o m  a r i d  r e g i o n s  
( D a v i s  
a n d  D e W i e s t ,
( r 9 6 5 ) .
O c c u r u e n c e ,  D i s t r i b u t i o n ,  
a n d  S o u r c e s  
i n  H a 1 l  
C o u n t y
C h l o r i d e  
e o n c e n t r a t i o n s  
i n  
g r o u n d w a t e r  
t h r o u g h o u t  
H a l l -
C o u n t y  
a r e  
1 o w ,  r a n g i n g  
f r o m  1  
t o  
a b o u t  
? O  
n S / L  
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3
T h e  
U . S .  
P u b l i c  H e a 1 t h  S e r v i c e  
( t 9 0 2 )  
f r a s  
r e e o m m e n d e d  
a
m a x i m u m  
c h l o r i d e  
c o n c e n t r a t i o n  
o f  
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n g / L  
i n  
d . r i n k i n g - w a t e r
s u p p l i e s .  
T h e  
c h l o r i d e  c o n t e n t  
i n  
s t r e a m s  
i s  
h i g h l y  v a r i a b l e ,
r a n g i n g  
i n  c o n c e n t r a t i o n  
f r o m  
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C r e e k  t o  1 4 1
n g / L  
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R i v e r ,
T h e  
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Precipitation is a source of chloride in sma1l coilc€il-
tratiohs. Collins and Williams (tg)3), who analyzed more
than 200 samples of rainwater collected in the United Statesr
suggested that the content of ehloride in precipitation is
less than 0,) ng/L, Eriksson (L955) estimated that the aver-
age chloride content of rainfall on the land surface is about
10 kilograms per hectare or B.t pounds per acre pep $€&f,
Data from Junge and lferby (1958) indicate that the average
chloride content in rainfall for inland sampling stations in
the United States is approximately 0,2 mg/L, The yearly
average eoncentratlon of chloride in rain in North Carolina
and Virginia was found to be 0,5? ng/L (Gambell and Fisher,
1966), These findings suggest that precipitation falling on
the land surface of HaII County is a source of chloride in
soil and water. A portion of this chloride eventuali) reaches
the groundwater reservoir.
Feedlot waste is a source of chloride in water in HalI
County. Animal wastes, like human wastes, contain signifi-
cant concentrations of chloride. Comparison of plates 2 and
10 indicate poor comelation between feedlot sites and the
chloride coneentration in the nearby groundwater system,
Therefore, it is hypothesized that feedlot waste has not con-
tributed significant concentrations to the groundwater system
in Ha11 County,
Domestic waste r including effluent from sewage treatment
plants and septie-tank disposal systems' contains appreciable
l-!_
6z
amounts of chloride. Schraufnagel (1965) noted that human
wastes contaln chloricle In large amounts, adding a concontra-
tion of abou't 15 ng/t to tire total oewage flow. The average
chloride coneentratlon in domestic sewage from residential
arens is JO ng/L. The chloride content at the Green Bayr Wls.,
sewage plant durin,g 1964 ranged from IOJ to 49? mg/L and
averaged 255 mg/L (Schraufnagel. L965),
Domestic waste is a probable source of the relatively
high chloride eontent in well waters containing a high nitrate
content. Sehmidt (L9?2) found that similar nitrate and
chloride patterns for groundwater below septic-tank areas is
due to the derivation of nitrate and chloride from septic-
tank effluent and the mobility of both ions in groundwater.
Several domestic wel1s sampled during this study, including
rvells 11N-9W-L1dcc and 12N-12W-l4aab, eontained appreciable
concentrations of both chloride and nitrate. Septic3tank
effluent is the presumed source of both ani-ons in the shallow
groundwater pumped from well 11N-9W-11dcc, Because the depth
to water is greater than 120 feet, and the 1906 drilling date
suggests less than adequate well construction, riirect con-
taminatj-on by surface water carrying domestic or possibly
animal wastes probably is a source of the nitrate and chl-oride
in water from well 121{-12W-)4aab,
Seepage from streams is a potential source of chloride
in groundwater supplies in Hal1 County, Hydrologic and chemi-
cal quality data suggesting that seepage from the Wood River




west of Alda have been presented, Analysis of a water sBIIt-
p1e from the Wood River northwest of Wood River indicated a
chloride concentration of 141 ng/L, This high-chloride
waterr primarily derived from municipal sewage effluent, is
a souree of the increased chloride content in groundwater in
the immediate area (p1. 10).
The Platte River is also a souree of chloride in the
adjacent groundwater reservoir. Hydrologic and water-
quality data suggesting that the Platte River is losing
water and a significant dj-ssoLved-solids content to the
groundwater system have been presented. During this inves-
tigation three samples of PLatte River water were analyzed
for chloride content; each sample contained Z5 ng/L of
chloride. The ehloride content of water collected from the
North and South Channels near Overton during the 1970 water
year ranged from 20 to llll mg/t (U.S. Geol. Survey, 19?O).
An area of sJ-ightly increased chLoride concentration in
groundwater parallels the Platte River in Ha1I County (pl.
10.) Although concentration of chloride by evapotranspira-
tion is a natural condition contributing to the observed
chloride leve1s, so€pag€ from the Platte River ls contrib-
uting chloride to the shallow aquifer in the Platte River
va1Iey.
Salt applied to highways and streets for deicing pur-
poses is a known source of chloride in natural water. In
Wisconsin, runoff from streets and highways where chloride
had been applied contained chloride concentrations ranging
i.:
64
up to 10, 0OO mg/\. In 1960 a group of five we1ls were
affc-cted by leaching from a sand-sa1t stockpile (Schraufnagel,
19(i5). According to a Nebraska Department of Roads official'
I'1r. Little ( oral communicaiion) , salt is used by state,
county anci local road departments for deicing roads in lia1l
County. Iie noted that significant amounts are uscd at Inter-
state B0 interchanges and other locations where traffic is
concentrated. A cursory examination of plate 10 suggests
that chloride concentrations in water from we1Is located
near interchanges are not high, However, stockpiles and
Ioca1}y heavy applieation to roads represent a potential
source of chloride j-n nearby weII supplies because of the
high mobility of chloride ions in soil and water.
John Elder (ora1 communication) notes that soils gener-
a1ly are not a souree of chloride in groundwater because any
chloride liberated by soil weathering processes is ripiOfV
leached from the soil profile in subhumid and humid cli-mates,
Generally, saline groundwater is the source of chloride in
subhumid and humid soiIs. As previously diseussed, Seatz
and Peterson OgAU) stated that salt accumulation may oecur
in areas where surface or groundwater drainage is poor.
In light of the previous discussion, the writer concludes
that some soiis in llalI County may be underoing chloride
accumulation, including the Wood River, Exline and Silver
Creek soils, Soil texture, climatic, hydrologic and drai-nage
conditions may have promoted chloride aceumulation. Recent
agricultural development, including drainage, leveling and
irrigation may be leaching chlorides to the water tab1e.
This rvould explain the area of increased chloride eoncen-
tration in the groundwater beneath Wood River soils between
Cairo and Wood River (p1, 10).
NITRATE
Nitrate, in appreciable concentrations in groundwater,
is significant because it may indicate pollution and repre-
sents a potential health hazard. fherefore, the U.S. Public
Health Servlce OgAZ) iras set the recommended limit for
nitrate concentration in drinking water at 4J ng/\,
Cyanosis due to methemoglobinemia may occur in infants
whose drinking water or formula water contalns a high conC€h-
tration of nitrate. The nitrate is converted to nitrite in
the digestive system of some lnfants, Methemoglobin is con-
sequently formed and eyanosis results (Brown et 41.to1970;,
Viets and Hageman (tgZt) state that nitrate upon reduc-
tion yields nitrite, which is considered to be ten times as
toxic as nitrate in food, water and feeds for equal cohc€r1-
trationsr Nitrite has deleterious effects on red blood cells
and possibly on muscle tissue; it also has been implicated
in cancer. Nitrite can overoxidize the ferrous i.ron, Fer*,
o.e hemoglobin to ferric iron, p.+*+. The resulting methenio-
gLobin in red blood cells is incapable of carrying oxygen.
Nitrite can al-so combine irreversibly with hemoglobin to form




G e n o r . ' a l -  0 c c u t ' 1 1 r : r 1 r : t :  i n  
S o i l
U n d e r  
n a t u r a l  c o n d i t i o n s ,  n i t r o n g e n  i n  s o i l s  i s  
g a . i r i e r i
t h r o u g h  
f i x a t i o n  
o f  e l e m e n t a l  r - r i " b r o g e n  
b y  
m i c r o o r s a n j - : : m s ,
a n d  
f r o m  
t h e  a d d i t i o n  o f  
a m m o n i a  a n d  n i t r a t e  
i n  
p r c c i - p i t a -
t i o n .  
L o s s e s  
o c c u r  t h r o u . r h  c r o p  
r e m o v a l - ,  
I e a c h j - n q ,  
a r i d
v o l a t i l i z a t l o n .  
W i t h i n  
t h e  s o i l ,  
. 1 n  
i n t e r n a l ,  c 1 1 c 1 c  i r
o p e r a t i v e ,  
t h r o u g h  
u r h i c h  
m i n e r a l  n i t r o g e n  b e c o m c s  
i r n r n o b i - . -
l i z e d  
d u r i n g  
d e c a y  
o f  e a r b o n a c e o u s  
r e s i d u e s .  T h e  f c r ' : n a t i c : ' l
o f  m i n e r a l  
c o m p l e x e s  
p r o t e c t s  
n i t r o g e n o u s  
c o n s t i t u e n t s
a q a i n s t  
a t t a c k  b y  m i e r o o r g a n i - s m ,  
T h e  
p o s i t i v e l y  
c h a r g e d
a m m o n i u m  
i o n  u n d e r g o e s  
s u b s t i t u t i o n  r e a c t i o n s  
w i t h  
m e t a l
c a t i o n s  o n  t h e  
e x c h a n g e  c o m p l e x  a n d  
c a n  
b e  f i x e d  
b y  
c l a 5 .
m i n e r a l s  
( S t e v e n s o n ,  
1 9 6 5 ) ,  T h e  n i t r o g e n  
c y c l e  
i s  
s c h e m -
a t i c a l l y  
i l l u s t r a t e d  
i n  
f i g u r e  
1 0 .
T h e  
p r i m a r y  
s o u r c e  
o f  s o i l  n i t r o g e n  
i s  t h e  
a t m o s p h e r e ,
a l t h o u g h  
S t e v e n s o n  
( L 9 6 1 + )  
n o t e s  
t h a t  
a t m o s p h e r i c  
n i i r o g e n ,
N . 2 ,  
e a n  
b e  
u t i l i z e d  d i r e e t l y  b y  o n l y  a  
f e w  
b a c t e r i a  a n d
a l g a e .  
A l l  
o t h e r  o r g a n i s m s  
r e q u i - r e  
n i t r o g e n  f o r  t h e i r  l i f e
a c t i v i t i - e s .
I t l i t r o g e n  
f i x a t i o n  
b y  
t h e  R h i z o b i a  b a c t e r i a  i n  
s y m b i o t i c
a s s o c i a t i o n  w i t h  
m e m b e r s  
o f  
t h e  l e g u m e  f a m i l y  o f  
p l a n t s
a c c o u n ' b s  
f o r  e n o r m o u s  
q u a n t i t i e s  
o f  
s o i l  
n i t r o g e n .  F i x a ' b i o n
o f  
a t m o s p h e r i c  
n i t r o q e n  b y  t h e  
g e n u s  
L h i z o b i u q  
w o r k i n g  
s y m b i -
o t i c a l l y  
w i t h  
l e g u m e s  
m a y  
a d d  
m o r e  
t h a n  1 0 0  
p o u n d s  p e r  
a c r e
o f  
n i t r o s e n  t o  
t h e ' s o i 1  
a n n u a l l y  
( N i e h o l s ,  
1 9 6 5 ) .
E x c l u s i v e  
o f  
s m a l 1  
a m o u n t s  o f  o r g a n i c  
f o r m s  o f  n i t r o g e n
s u c h  a s  
a m i n o  a c i d s  a n d  a m i n e s ,  a l l  t h e  n i t r o g e n  t a k e n  u p
i q l . o v t o  r r o x  
c Y c L C
t t  
B A i v f i ? t l . e
/ - r - <  
- \  
-
- \ ! * .  
" ) r  
' & o  
> ' )
- r - - ) - Y V - .
/ , - ,  
,  
/
' l t  
, ' l  
,




! , ;  
\ i l o :
F r o m  
S t e v e n s o n  
( f g 6 S )
F i g u r e  
l - 0 .  T h e








/ - w r \
/  / ,  
r o x . r y r . , o i (
'  
, , t a ' . t f t  I  I
* * ! r r , ^ ,  
!  
l l  
I
/  
{ " - r +  I  r
S > *  \ . . .  
; ,  
\  I
( :  
r -




i l  o l l t G A C t  
t i
t ( o t  
r E  
r  
o r u .
i  a l t t r L l a r
\  r r r r
r r r . o < ( i  
. 4
a r i t ' u r ( t  
&
t  





f r o n  t h e  
s o i l  e x i s t s  i n  t w o  o r g a n i c  
c o m p o u n d s ,  
a m r n o n i - t u n  
a n d
: r i t r a t e .  T i r e  n i t r o g e n  i n  
s o i l  
o c c u r s  
a l m o s t  e n t i r e l y  
i n
c o m b i n a t i o n  
w i t h  
o r g a n i c  
m a t t e r  a n d  c l a y  
m i n e r a l s ,  
A  s m a l l
f r a c t i o n ,  
g e n e r a l l y  
l e s s  
t h a n  
0 . 1  
p e r e e n t ,  
e x i s t s  i n  
a v a i l -
a b l - e  
m i n e r a l  
f o r m s  
s u c h  
a s  n i t r a t e  
a n d  
e x c h a n g e a b l e  
a m m o n i u m
( s t e v e n s o n ,  
1 9 5 4 ) .
T h e  
c o n v e r s i o n  
o f  o r g a n i c  n i t r o g e n  
t o  t h e  
m o r e  a v a i l -
a b l e  m i r r e r a l  f o r m s '  a  
p r o c e s s  
r e f e r r e d  t o  
a s  
m i n e r a l i z a t i o n ,
e n c o r n p a s s e s  
t w o  
d i s t i n c t  
m i c r o b i o l o g i c a l  
p r o c e s s e s r  
( I )  
a m -
m o n i f i c a t i o n ,  
i n  
w h i e h  
o r g a n i c  n i t r o g e n  i s  e o n v e r t e d  
i n t o
a m m o n i a ;  
a n d  
( 2 )  
n i t r i f i c a t i o n ,  
i n  
w h i c h  
a m m o n i a  
i s  
o x i d i z e < i
t o  n i t r a t e  
( S t e v e n s o n ,  
1 9 6 4 ) ,
V i e t s  
a n r l  H a g e m a n  
( t g l t )  
n o t e  t h a t  n i t r i f i c a t i o n  c a n n o t
o c c u r  
i f  
t h e  
s o i l  
i s  
w a t e r l o g g e d  
s o  
t h a t  o x y g e n  
b e c o m e s  d e -
p l e i e d .  
I t  
c a n n o t  
o c c u r  
i n  
s o i l  
o r  
w a t e r  
l o a d e d  
w i t h  
o x i d i z -
a b l e  
o r g a n i c  
c o m p o u n d s  h a v i . n g  h i g h  
b i o l o g i c a l  o x y g e n  
S e m a n d ,
s u c h  
a s  s e w a g e  
o r  
a n i m a l  w a s t e s r  d u e  
t o  
d e p l e t i o n  o f  
m o l e c u l a r
o x y t g e t ' ) .  
B o t h  
i n  
w a t e r  a n d  i n  
s o i l r  n i t r a t e  
w i l l  
a p p e a r  a g a i n
u n d e r  
f a v o r a b l e  t e m p e r a t u : : e  c o n d i t i o n s  
w h e n  
t h e  o x i c i i z a b l e
c a r b o n  i s  
d e p l e t e d r  
o x y g e n  r e t u r n s  
t o  t h e  s y s t e m  
f r o m  
t h e
a i r ,  a n d  
a m m o n i f i c a t i o n  
a n d  n i t r i f i c a t i o n  
c a n  
o c c u r o
B a r r o w s  a n d  
K i l m e r  
( l . 9 6 ) )  
s t a t e d  t h a t  
e r o s i o n ,  c r o p p i n g ,
l e a c h i n g  
a n d  
v o l a t i l i  z a t i o n  a r e  t h e  f o u r  
p r i n c i p a l  m e a n s  
b y
w h i c h  
n u t r i e n t  e l e m e n t s  a r e  r e m o v e d  f r o m  s o i l s .  
A e c o r d i n g
t o  S i e v e n s o n  
( t 9 6 t t ) ,  
m i n e r a l  n i t r o g e n ,  
w h e t h e r  
a d d e d  
a s  
f e r -
t i l i z e r  o r  
p r o d u c e d  
d u r i n g  
d e c a y  
o f  
o r g a n i c  
m a t t e r ,  
w i l l  
n o t
r e m a i n  
v e r y  
l o n g  
i n  
t h e  
s o i l .  H e  
p o s t u l a t e d  
t h a t  
a n y  
m i n e r a l
!
6 9
n i t r o g e n  n o t  a b s o r b e d  b y  
p l a n t s  
o r  i m m o b i l i z e d  
b y  
m i c r o -
o r g a n i s m s  i v i I 1  
b e  l o s t  b y  o n e  o f  s e v e r a l  
p r o c e s s € s r
S t e v e n s o n  
( L 9 6 4 )  
s i ; a t e d  
t h a t  c o n s j . d e r a b l e  
n i t r o g e n  
m a y
b e  l o s t  f r o m  
t h e  s o i l  a s  a  
r e s u l t  o f  
e r o s i o n .  B a r r o w s  a n d
K i - l m e r  
( L g f i )  
r e p o r t e d  t h a t  
s i g n i f i c a n t  a m o u n t s  
o f  
n i t r o g e n
a r e  
r e m o v e d  
w i t h  
t h e  s o i l  o r g a n i c  
m a t t e r .  B e c a u s e  o f  
i t s
c o n c e n t r a t i o n  
i n  
t h e  s u r f a c e  s o i l  a n d  i t s  l o w  
d e n s i t y '
o r g a n i c  m a t t e r  
i s  a m o n g  t h e  f i r s t  
o f  t h e  c o n s t i t u e n t s  
t o  b e
r e m o v e d .
C r o p s  
r e c o v e r  a  
p o r t i o n  
o f  
t h e  
a p p l i e d  n i t r o g e n  
o r  t h e
m i n e r a l i z e d  
n i t r o g e n  
t h a t  n a t u r a l l y  o c c u r s  i n  
t h e  
s o i l ,
A l l i s o n  
( L 9 5 5 )  
f o u n d  
t h a t  c r o p s  
e o m m o n l y  
r e c o v e r e d  
4 0  
t o  
? 5
p e r c e n t  
o f  t h e  n i t r o g e n  
t h a t  
w a s  
a d d e d  
o r  
m a d e  
a v a i l a b l e  f r o r n
t h e  s o i I .  J a n s s o n  
( f 9 5 4 ) ,  
i n  l o n g - t e r m  
p o t  
e x p e r i m e n t s ,
c o n s i s t e n t l y  
o b t a i n e d  a  
5 0  
p e r c e n t  
r e c o v e r y  
o f  
t a g g e d  f e r t i -
l i z e r  
n i t r o g e n  
i n  t h e  f i r s t  
y e a r  
a f t e r  a d d i t i o n  o f  t i h e  f e r -
t i l i z a l . t  
I n  a l l  
s u b s e q u e n t  
y e a r s  
t h e  
p e r c e n t  
n i t r o g e n  r € c o v -
e r y  
l v a s  
a p p r o x i m a t e l y  
1  
p e r c e n t .  
V i e t s  
( f g 5 O )  
f o u n d  t h a t  o n
a  n o n - c a l c a r e o u s ,  
s t i g h t l y  
a l k a l i n e  s o i l ,  
n i t r o g e n  r e c o v e r y
b y  
c r o p s  f r o m  
v a r i o u s  
f e r t i l i z e r s  
a v e r a g e d  8 1  
p e r c e n t .  
0 n
a  h i g h l y  
c a l c a r e o u s  a l k a l i n e  s o i l r  n i t r o g e n  
r e c o v e r y  
a v e r a g e d
o n l y  
2 5  p e r c e n t ,
A c e o r d i n g  
t o  
S t e v e n s o n  
( 1 9 5 4 ) ,  
n i t r o g e n  
i s  
l o s i  b y
l e a c h i n g  
m a i n l y  
a s  
n i t r a t e ,  
a l t h o u g h  a m m o n i a  
m a y  b e  
l o s t  f r o m
s a n d y  
s o i l s .  U n d e r  
c r o p p i n g  c o n d i t i o n s ,  
t h e  
l o s s  i s  
g r e a t l y
r e d u c e d  b e c a u s e  
t h e  n i t r a t e  
c o n t e n t  
o f  t h e  s o i l  i s  l o w e r  
a n d
l e s s  
w a t e r  p a s s e s  
t h r o u g h  t h e  s o i l .
I
' l ' r
7 a
V i e t s  
( 1 9 ? 1 )  
e m p h a s i z e d  
t h a t  t h e  s o i l  
a n c i  t h e  s u b s o i l  
h a v e
n o  
r e t e n t i o n  c a p a c i t y  f o r  n i t r a t e  
o t h e r  
t h a n  
t o r t u o s i t y  o f
t h e  
p a t h w a y  
a n d  b l o c k e d  
p o r e s  
t h a t  t e n d  t o  d i f f u s e  t h e  n i -
t r a t e  i n  a n  a d v a n c i n g  
v r a t e r  
f r o n t .  
l i i t r a t e  
l o s s  d e p e n d s  
o n
t h e  
c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  e s c a p i n g  
b e l o w  t h e  r o o t
z o n e  
a n d  t h e  f l u x  
o f  
p e r c o l a t i n g  
w a t e r  
t h a t  c a n  
m o v e  
i t .
K e e n e y  
a n d  
W a l s h  
( t g Z O )  
p o i n t e d  
o u t  t h a t  o n c e  n i t r a t e  
g e t s
b e l o w  
t h e  
r o o t  z o n e  
i t  
u s u a l l y  d o e s  
n o t  u n d e r g o  f u r t h e r
c h a n g e ,  
T h e  d e n i t r i f i c a t i o n  
a n d  
i m m o b i l i z a t i o n  
p r o c e s s e s  
d o
n o t  
o c c u r  
b e c a u s e  
t h e s e  r e q u i r e  
a n  
e n e r g y  
s o u r c e  
a n d  
c a r b o n
i n  t h e  
f o r m  
o f  o r g a n i c  m a t t e r  w h i c h  
i s  
n o t  
p r e s e n t  
i n  
m o s t
s o i l s ,
P r a t t  
e t  a l , ,  
( t g ? Z )  
c a l c u l a t e d  
t r a n s i t  
t i m e  
f o r  
w a t e r
i n  t h e  u n s a t u r a t e d  z o n e  
b e l o w  
t h e  r o o t  
z o n e ,  
T r a n s i t  t i m e s
t h r o u g h  
t h e  u n s a t u r a t e d  
z o n e  s u g g e s t  
t h a t  t h e  
e x c e s s  n i t r a t e
i n  a  s u r f a c e  
s o i l  i n  a n y  o n e  
y e a r  
m i g h t  
n o t  
' b e  
a  
c o n t r i b u t o r
t o  n i t r a t e  
i n  
w e l l  
w a t e r s  
u n t i l  
m a n y  
y e a r s  
i n  t h e  
f u t u r e .
I f  t h e  
t r a n s i t  d i s t a n c e  
i s  
J 0  
m e t e r s ,  a  t i m e  1 a g  o f  
1 0  t o  
5 0
y e a r s  
i s  
l i k e I y  
i n  t h e  a l l u v i a l  
m a t e r i a l s  
i n  t h e  
S a n t a  
A n n a
I i " i . v r : r  
b a I : ;  
i n ,  C a l i  f o r n i a .
G a s e o u s  l o s s e s  
o f  n i t r o g e n  
f r o m  
s o i l s  
i n v o l v e  
t h r e e
g e n e r a l -  
m e c h a n i s m s r  
( 1 )  
a m m o n i a  v o l a t i l i z a t i o n i  
Q )  
c h e m i c a l
d e c o m p o s i t i o n  
o f  n i t r i t e l  
a n d  
( : )  
e n z y m a t i c  r e d u c t i o n  
o f  n i -
t r a t e ,  k n o w n  
a s  d e n i t r i f i c a t i o n  
( P e s e k  
e t  
g L . ,  
l 9 ? L ) ,
D e n i t r i f i - c a t i o n  
i s  t h e  
b i o l o g i c a l  
r e d u c t i o n  o f  n i t r a t e
o r  n i t r i t e  
t o  
g a s e o u s  
n i t r o g e n  
( m o l e c u l a r  
n i t r o g e n  o r  t h e
o x i d e s  
o f  n i t r o g e n ) .  T h e  b a c t e r i a l  d e n i t r i f i c a t i o n  
p r o c e s s
, T
? t
r e q u i r e s  
a n a e r o b i e ,  
o r  n e a r l y  
a n a e r o b i c '  
c o n d i t i o n s  
a n d  
t h e
p r e s e n c e  
o f  a n  o r g a n i c  
c a r b o n  
e n e r g y  
s o u r c e  
( B r o w n ,  
L g ? l ) ,
U n d e r  
e o m m o n  
f i e l d  
c o n d i t i o n s  
d e n i t r i f i c a t i o n  
i s  
p r o b -
a b l y  s e c o n d  t o  l e a c h i n g  
a s  t h e  
c a u s e  
o f  
p o o r  
r e c o v e r i e s  
o f
n i t r o g e n .  
f t  o c c u r s  
t o  t h e  
g r e a t e s t  
e x t e n t  u n d e r  
c o n d i t i o n s
o f  h i g h  s o i l  r o o i s t u r e r  
€ s p e c i a l l y  
d u r i n g  r a i n y  
p e r i o d s r  
p f , o -
v i d e d  
n i t r a t e s  a r e  
p r e s e n t .  
D e n i t r i f i c a t i o n  
m a y  a l s o  o c c u r
i n  f i n e r  t e x t u r e d  
s o i l s  
w h e r e  
t h e  m o i s t u r e  e o n t e n t  i s  
b e l o w
f i e l d  
c a p a e i t y  
( l f f i s o n ,  
1 9 6 6 )  
'  
N i t r a t e  
t h a t  
o c c u r s  i n
z o n e s  
o f  
p o o r  
a e r a t i o n  
( e . g . ,  
w a t e r - l o g g e d  
s p o t s ,  
a n d  s p o t s
w h e r e  
o x y g e n  
i s  
v e r y  l o w  a s ,  f o r  e x a m p l e r  i n  
a  c l u m p  o f
d e c o m p o s i n g  
c r o p  
r e s i d u e )  i s  r e d u c e d  
t o  n i t r o g e n  
g a s
( S t a n f o r d  
e t  
. 4 1 ,  
,  
1 9 7 0  
)  
.
S e v e r a l  
L y s i m e t e r  e x p e r i m e n t s  
a n d  
o t h e r  
l n v e s t i g a t l o n s
h a v e  m e a s u r e d  d e n i t r l f i c a t i o n  
l o s s e s  
f r o m  
s o i 1 s .  
A l l i s o n t s
( t g S S )  
s u m m a r y  o f  
l y s i n e t e r  
e x p e r i m e n t s  s h o r v e d .  t h a t  t - 5  
p " " -
c e n t  o f  t h e  
f e r i i l i z e r  
n i t r o g e n  a d d e d  o r  
m j - n e r a l i z e d  
f r o m
s o i l  
o r g a n i c  
m a t t e r  
d e c o m p o s i t i o n  
c o u l d  
n o t  b e  f o u n d .  T h e
p : : e s u m p t i o n  
i s  
t h a t  
t h i s  
n i t r o g e n  
i s  
l o s t  
b y  d e n i t r i f i c a t i o n ,
P o w e r  
( 1 9 6 8 )  
c o l l e c t e d  
d a t a  
t o  i n d i c a t e  
t h a t  u n d e r  b o t h
i r : : i g a t i o n  
a n d  
d r y l a n d  
c o n d i t i o n s  a b o u t  
2 0  p e r c e n t  
o f  t h e
f e r t i l i z e r  n i t r o g e n  a p p l i e d  
w a s  
l o s t  
b y  d e n i t r i f i c a t i o n  
o r
f j - x a t i o n .  
R e s e a r c h  
i n  
C a l i f o r n i a  
s u g g e s t e d  t h a t  u p  t o  
4 3
p e r c e n t  
o f  t h e  t o t a l  
n i t r o g e n  
i n p u t  
w a s  
d e n i t r i f i e d  
( P r a t t
e t  a l .  
,  
L 9 7 2 )  
,
I ' l i t r o g e n  
i m m o b i l i z a t i o n  
i n  
s o i l s  i s  
a  
r e s u l t  o f  
c h e m i c a l
a n d  b i o l o g i c a l  
r e a c t i o n s .  
T h e  
b e t t e r  k n o w n  
c h e m i c a l  
r e a c t i o n s
:
7 2
i n c l u d e  
r  
( t )  
a m m o n i u m  
f i x a t i o n  
b y  
c l a y  
m i n e r a l s  
|  
( ? )  
a m m o -
n i u n  f i x a t i o n  
b ; y  
l i g n i n - d e r i v e d  
s u b s t a n c e s  i n  
s o i l  o r g a n i c
m a t t e r ;  a n d  
( 3 )  
r e a c t i o n s  
o f  a m j - n o  
a c i d s ,  d e r i v e d  f r o m  
p l a n t
m a t e r i a l s  a n d  m i c r o b i a l  
s y n t h e s i s  
( S t a n f o r d  
e t  
4 . ,  
L 9 ? 0 ) ,
C l a y  m i n e r a l s  
w i t h  
e x p a n d i n g  
l a t t i c e s '  s u c h  
a s  
m o n t -
m o r i l l o n i l ; e  a n d  
v e r m i c u l a t e r  
c a n  
s o r b  a m m o n i a  
a n d  
i n  
s o m e
c a s e s  h o l d  
i t  
s o  
t i g h t l y  t h a t  i t  i s  
n o t  r e a d i l y  
a v a i l a b l e
e i t h e r  t o  
h i g h e r  
p l a n t s  
o r  t o  
m i e r o o r g a n i s m s .  
A m m o n i a  
m a y
a l s o  r e a c t  
w i t h  
l i g n i n  a n d  e e r t a i n  
o t h e r  o r g a n i e  
c o m p o u n d s
t o  f o r m  c o m p l e x e s  t h a t  a r e  n o t  r e a d i l y  
b r o k e n  d o w n  
( e f f i s o n r
7 9 6 6 ) ,
G e n e r a l  0 c c u r r e n c e  i n  
W a t e r
D i s s o l v e d  
n i t r o g e n  
o c c u r s  
i n  
w a t e r  
i n  
s e v e r a l  
f o r m s r
d i s s o l v e d  
n i t r o g e n  
g a s  
N Z ,  
a m m o n i a ,  s a l t s  
o f  
t h e  n i t r a t e  
i o n ,
N 0 3 ,  
s a l t s  
o f  
t h e  n i t r i t e  
i o n ,  
N O t ,  
a n d  
b i o l o g i c a l l p  s i g n i f i -
c a n t  
o r g a n i c  n i t r o g e n  c o m p o u n d s  
( T a s k  
G r o u p  
2 6 L O P  
R e p o r t l
1 9 ? A ) ,  
A m m o n i a  n i t r o g e n  
i n c l u d e s  n 3 - t r o g e n  i n  
t h e  
f o r m s  
o f
+
* H j  a n d .  N H l u .  N i t r a t e  
i s  u s u a l l y  t h e  
m o s t  
p r e v a l e n t  
f o r m  o f
n i t r o g e n  
i n  
w a t e r  
b e c a u s e  
i t  i s  t h e  e n d  
p r o d u c t  
o f  t h e  
a e r o b i c
d e c o m p o s i t i o n  
o f  
o r g a n i c  
n i t r o g e n .  N i t r a t e  
i s  
u n s t a b l e  i n
t h e  
p r e s e n c e  
o f  o x y g e n .  I t  
i s  
t h e r e f o r e  
a b s e n t  
o r  
p r e s e n t
i n  o n l y  t r a c e  
q u a n i t i e s  
i n  
m o s t  
n a t u r a l  
w a t e r s ,  O r g a n i c
n i t r o g e n  
e o m p o u n d s  i n c l u d e  a m i n o  
a c i d s r  
p o l y p e p t i d e s  
a n d
p r o t e i n s  
( B r o w n  
e t  a 1 " ,  
l 9 ? A ) ,
:
7 )
0 e c u r r e n c e  
a n c l  
D i s t r i b u t i o n  
i n  l l a 1 I  C o u n t y
T h e  n i t r a t e  
c o n c e n t r a ' b i o n  
i n  
t h e  
g r o u n d w a t e r  
s y s t e m
' t l t r o r t , ' : h o r t  
h  
t l a l l .  
C o u n t ; r  
i  
s  
v a r i  a b l e  
,  
r : l n , q i n g  f r o m  
t r a c e
a m o r r n L ; ;  
t ; o  
m o r r )  
t h a . n  
? . O O  
m r , , / L  
( ' p 1 .  
1 ) .  
I t  
1 e  l o w  
( O  
t o
5  
n S / L )  
t h r o r r q h o u t  
m o s t  
o f  T .  1 I  
N . ,  
R s .  
t 1  a n d  
l ? -  
W . ,  
a n d
T .  L 2  
N . ,  
R s .  1 0 ,  1 l - ,  a n d  1 2  
W .  
i n  t h e  n o r t h w e s t e : : n  
p a r t  
o f
t h e  
c o u n t S r  a n d  
i n  
m u c h  o f  
T .  
9  
N , ,  R s .  
9  
a n d  1 0  
W .  
i n  
t h e
s o u t h e a s ' b e r n  
c o n ' t e r .  
M o s t  o f ,  
t h e  m o d e r a t e  
c o n c e n t r a t i o n s
( 5  
t o  
3 0  
n s , / l )  
a : : e  
i n  a  
B -  
t o  
1 2 - m i 1 e  
b a n d  t r e n d j " n g  n o r t h -
e a s t t r a r d  
a e r o s s  t h e  
c o u n t y .  
I , ^ l i t h i n  
t h i s  
b a n d ,  
h o w e v e r ,  
a r e
s r n a i l  
a r e a s  o f  h i g h e r ,  
l o w e r r  o r  
v a r i a b l e  
c o n c e n t r a t i o n .
I ' i i t r a t e  
c o n c e n t r a L i o n  
i n  
g r o u n c l w a t e r  
b e n e a t h  
i s l a n d s  
o f  
t h e
P l a t t e  
R i v e r  
a n d  
b e n e a t h  
a r e a s  
i m m e d i a t e r y  
a d j a c e n t  
t o  t h e
r i v e r  
i s  l o w .  N i t r a t e  
c o n e e n t r a t i o n s  
i n  
t h e  
g r o u n d w a t e r
s y s - b e m  
i n  t h e  c o u n t y  a r e  r e l a t e d  
t o  
s e v e r a l  v a r i a b l e s  
a n d
s o u r c e s ,  
a s  
d i s e u s s e d  
i n  t h e  f o L l o w i n g  
p a g e s  
o f  
t h i S s e c t i o n .
A  
f r e q u e n c y  
d i s t r i b u t i o n  o f  n i t r a t e  
c o n c e n t r a t i o n  b a s e d
o n  t h e  
n i t r a t e  d e t e r m i n a t i o n s  f o r  
1 5 1  
w a t e r  
s a m p l e s  
c o l l e c t e d
i n  
i { a 1 l  
C o r r n t y  d u r i n g  
t h i s  s t u d y  
h a s  
b e e n  
p r e p a r e d  
( f i g .  
1 1 ) .
T h e  
v r a t e r  
f r o m  
6 6  w e l l s ,  
o r  
4 1  
p e r c e n ' b  
o f  t h e , r r e l l s  s a m p l e d ,
c c r n t a i n e d  
n i t r a t e  i n  
c o n c e n t r a t i o n s  r a n g i n g  f r o m  0  
t o  
5  
n g / L ,
F o u r r t e ; e n  
w a t e r  
s a m p l e s ,  
o r  
8 . 7  
p e r c e n t  
o f  t h e  s a m p l e s ,  
c o n -
t a i n e r l  m o r e  
t h a n  
4 5  
n g / t  
o f  n i t r a t e .
S  
o l r r e  
e  s
T h e  
p o t e n t i a l  
s o u r c e s  
o f
s y s ' L e m  
i n  
H a l 1  
C o u n t y  i n e l u d e
n i t r a t e  i n  t h e  
g r o u n d w a t e r
I  
p r e c i p i t a t i o n r  
f e r L i l e  
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f i x a t i o n  
b y  
l e s u m e s ,  
c o m m e r c i - a I  f e r t i l i z e r ,  f e e d l o t  
v r a s t e ,
s e p t i c - t a n k  
e f f l u e n t n  
i n d u s t r i a l  
w a s t e r  
a n d  
s e e p a g e  o f  m u n i -
c i p a l  
w a s t e  
f r o m  s t r e a m s .
A t m o s p h e r i c  p r e c i p i t a t i o n  
i s  
a  
s o u r e e  o f  n i t r a t e  
i n
g r o u n d w a t e r .  
F e t h  
( 1 9 6 6 )  
c o n c l u d e d  t h a t  
p r e c i p i t a t i o n  
m i g h t
b e  
t h e  
m o s t  
i m p o r t a n t  s i n g l e  
s o u r c e  o f  
n i t r a t e  f o r  
s u r f a c e
w a t e r .  
T h e r e f o r e ,  
i t  i s  
a l s o  
a n  
i m p o r t a n t  
s o u r c e  o f  n i t r a t e
i n  
g r o u n d w a t e r .
T h e  
n i t r a t e  
e o n t e n t  
i n  
p r e c i p i t a t i o n  
h a s  b e e n  d e t e r m i n e d
b y  
n u m e r o u s  
i n v e s t i g a t o r s .  
l , { a t h e s o n  
( t g 5 l - )  
r e p o r t e d  
t h a t  t h e
t r i t r r : , q e n  
f a l l  a t  
} { a m l l t o n ,  
O n t a r : i o  a v e r a g e d  
J . B  
p o u n c i s  p L . t :
a c r e  p e r  y e a r .  
F o r  E u r o p e  
a n d  
t h e  U n i t e d  S t a t e s ,  
t h e  v a l u e s
f o r  
a m m o n i a  
a n d  
n i t r a t e  
r a n g e d  
f r o m  0 , ?  
t o  1 B . Z  
p o u n d s  p e r
a c r e  
p e r  y e a r ,  
t h e  
m a j o r i t y  
o f  
w h i c h  w e r e  
i n  t h e  
r a n g e  o f  
4
t o  
7  
p o u n d s  
p e r  
a c r e  p e r  y e a r  
( E r i k s s o n ,  
L 9 5 2 ) .  
F o r  f i v e
s a m p l i n e  
s i t e s  
i n  N e b r a s k a ,  S e j - m  
e t  a 1 .  
( 1 g ? 2 )  
f o u n d  
c o n c e n -
t r a t i o n s  
r a n g i n g  
f r o m  O  
t o  
4 , j  
n g / l  
o f  a m m o n i u m  
a n d  
O  
t o  
8 . 9
m g / t  
o f  
n i t r a t e .
N i t r a t e  
a n d  a m m o n i u m  
e o n c e n t r a t i o n s  
i n  
p r e c i p i t a t i o n
f a l l i - n g  
i n  
i t a l I  
c o u n t y  
h a v e  
n o t  b e e n  m e a s u r e d .  
r t  i s  
a s s u m e d
t h a t  
p r e c i p i t a t i o n  
i n  
H a I 1  
c o u n t y  
e o n t r i b u t e s  a p p r o x i m a t e l y
J  
p o u n d s  
p e r  
a e r e  
p e r  
y e a r  
o f  
n i t r o g e n  
i n  t h e  f o r m s  
o f
n i t r a . b e  
a n d  
a m m o n l u m .  S o m e  
o f  t h i s  n i t r o g e n  
i n  t h e  f o r m  
o f
n i t r a t e  
r e a c h e s  
t h e  
g r o u n d w a t e r  
s y s t e m .
S e v e r a l  
i n v e s t i g a t o r s  
h a v e  
f o u n d  t h a t  
f e r t i l e  
n a t i v e
s o i l s  
c o n t a i n  
s i e n i f i c a n t  
a m o u n t s  
o f  n i t r o g e n  
i n  t h e  
o r g a n i c
m a t t e r  
w h i c h  
i s  s u b j e c t  
t o  n i t r i f i c a t i o n  
a n d  
l e a c h i n g  a f t e r
, t a
? 6
t h e  
s o d  
h a s  
b e e n  b r o k e n .  S t o u t  
a n d  
B u r a u  
( t g 6 Z )  
c o n c l u d e c i
f r o m  
t h e i r  r e s e a r e h  t h a t  a n y  f e r t i l e  s o i l  h a s  
a n  
i n h e r e n t
p o t e n t i a l  
n i t r a t e - s u p p l y i n g  
p o w e r  
w h i c h  
m a y  
c o n t r i b u t e  
o f
i h e  o r d e r  
o f  1 0 0  
n g / t  
o f  n i t r a t e  t o  
t h e  
s o i l  
s o l u t i o n .
S t e w a r t  
e ' b  a 1  ,  
( t 9 6 ?  
)  
r e p o r t e d  
a n  a c c u m u l - a t i o n  o f  n i t r a t e
b e t r v e e n  2 , J  
a n d  
3 , 5  
r n e t e r s  
f o r  
e u l t i v a t e d r  
u h f € r t i l i z e c i
d r y l a n d  
s i t e s .  S e i m  
e t  
a 1 ,  
( t 9 ? Z )  
a t t r i b u t e d  t h e  
a c c u m u l a -
t i o n  
o f  n i t r o g e n  
i n  
s o m e  N e b r a s k a  s o i l  
p r o f i l e s  
t o  
b r e a k i n g
t h e  s o d  
o f  f e r t i l e  s o i l s .
I n  H a l 1  C o u n t y  
t h e r e  
a r e  s e v e r a l  
f e r t i l e  s o i l s  
a s s o c i a -
t i o n s  
t h a t  b e g a n  
t o  r e l e a s e  
n i t r a t e  
m i - n e r a l i z e d  f r o m  
s o i l
o r g a n i c  m a t t e r  r v h e n  
t h e  
s o d  w a s  b r o k e n .  
Y o s t  
e t  a l  ,  
( 1 9 6 2 )
n o t e d  t h a t  
s o i l s  
o f  t h e  H o r d - H a l l  A s s o c i a t i o n  a r e  h i g h  
i n
n a t u r a l  f e r t i l i t y ,  
a n d  H o l d r e g e  s o i l s  a r e  
s o m e  o f  t h e  b e s t
a g r i c u l t u r a l  
s o i l s  
i n  
t h e  
c o u n t y ,  C u l t i v a t i o n  
a n d  
i r r i g a t i o n
p r a c t i c e s  
o v e r  a n  e x t e n d e d  
p e r i o d  
o f  
t i m e  h a v e  
c o n t r L b u t e d  
t o
m o v e m e n t  
o f  t h i s  n a t u r a l l y  
o c c u r r i n g  n i t r a t e  
b e l o w  
t h e  r o o t
7 ,  
O n e  .
I n  s o m e  a r e a s  
g r o u n d w a t e r  
b e l o w  
t h e  s o i l s  o f  
t h e  H o r d -
H a l l  A s s o c i a t i o n  
c o n t a i n s  i n c r e a s e d  n i t r a t e  c o n t e n t s .  
T h e
r n o s t  
n o t a b l e  a r e a  
w h e r e  
t h i s  
c o r r e l a t i o n  
s e e m s  
t o  
a p p l y  
i s
t h e  c l o n g a t e d  
r e g i o n  e x t e n d i n g  n o r t h e a s t w a r d  
f r o m  
t h e  
s o u t h -
w e s t e r n  p a r t  
o f  t h e  
c o u n t y ,  
T h r o u g h o u t  
t h i s  
a r e a  
t h e  n i t r a t e
l e v e l s  
i n  
g r o u n d w a t e r  
g e n e r a l l y  
r a n g e  f r o m  
m o d e r a t e  
t o  
h i g h .
I n  
t h i s  a r e a  
a n d  
o t h e r s  o v e r l a i n  b y  f e r t i l e  
s o i l s ,  
t h e  
s t o r e
o f  s o i l  
n i t r o g e n  
i - s  
a  s o u r c e  
f o r  
t h e  
i n c r e a s e d  n i t r a t e  l e v e l s
i n  t h e  
g r o u n d w a t e r  
s y s t e m .
7 7
N i t r o g e n  
f i x a t i o n  b y  
l e g u m e s  
i n  a s s o c i a t i o n  
w i t h  
t h e
s l r r , l b i o t i c  
g e n u s  
R h i z o b i u m  
c o n t r i b u t e s  
a s  
m u c h  
a s  
1 0 0  
p o u n d s
o f  n i t r o g e n  
p e r  
a e r e  
t o  t h e  s o i l  a n n u a l l y ,  & s  
d i s c u s s e d  o n
p a g e  
6 6 .  
L e g u m e s ,  s u c h  a s  
s o y b e a n s ,  a l f a l f a  a n d  
c l o v e r ,
c o n t r i b u t e  
t o  
t h e  n i t r o g e n  
f e r t i l i t y  o f  
s o i l s  
i n  
H a 1 1  
C o u n t y .
A  
p o r t i o n  
o f  t h i s  
f i x e d  
n i t r o g e n  
i n  t h e  
f o r m  
o f  n i t r a t e  
m o v e s
v t i t h  
t h e  s o i l  
s o l u t i o n  
b e l o w  
t h e  r o o t  z o n e ,  a n d  a  s m a l l e r
p o r  
l . i .  
o n  
o n t n r l l  
L h r :  
f l y . o u n r l w a " t e r  
r : y l ' b c m .
C o r n n r . r c i a l  
f c r b i l i z e r  
i s  
a  
p o t e n t l a l  
s o u r c e  
o : f  
n i ' l , r . a t e
i n  
s r o u n d w a b e r  i n  
H a l l  
C o u n t y .  T h e  
p r a c t i c e  
o f  
a p p l y i n g
l a r g e  
a m o u n t s  
o f  
f e r t i l i z e r  
n i t r o g e n  
l n c r e a s e 6  t h e  
p o t e n t i a l .
A p p r o x i m a t e l y  
6 O  
f a r m e r s  
i n t e r v i e w e d  
i n  t h e  s u m m e r  
o f  1 9 ? 1
a p p l i e d  
a n  
a v e r a g e  
o f  
2 0 0  p o u n d s  
p e r  
a c r e  
o f  
a v a i l a b l e
n i t r o g e n  
t o  c o r t 1 .  
R e s e a r c h  
c o n d u c - b e d  b y  
D a i g g e r  e t  a 1  ,  
( t g ? Z )
i n d i c a t e d  
t h a t  
a l l  
f e r t i l i z e r  
n i t r o g e n  
a p p l i e d  t o  a  
f a r l o w
K e i t h - R o s e b u d  
s i l t  
l o a m  
w a s  
a c e o u n t e d  
f o r  
i n  
t h e  
s o | l  
p r o f i r e
t o  
a  d e p t h  
o f  6  
f e e t  
f o r  a p p l i c a t i o n  
r a t e s  u p  t o  1 6 0  
p o u n d . s
o f  
n i t r o g e n  
p e r  
a c r e .  
F o r  
h i g h e r  a p p l i c a t i - o n  
r a t e s ,  u p  t o
2 2  p e r c e n t  
o f  
t h e  n i t r o g e n  
w a s  
n o t  f o u n d  
i n  t h e  s o i l  
p r o f i l e .
T h i s  
r e s e a r c h ,  
a l t h o u g h  
c o n d u c t e d .  
o n  a  f a 1 l o w  s o i l  
i n  
w e s t e r n
l i e b r a s k a ,  
s u g g e s t s  
t h a t  
s o m e  o f  t h e  a v e r a g e  
2 0 0  
p o u n d s  
o f
n i ' b r o g e n  p e r  
a c r e  a p p l i e d  
i n  
H a 1 I  
C o u n t y  
p r o b a b l y  
i s  n o t  u s e d
b y  
p l a n t s  
a n d  
i s  f r e e  t o  m o v e  b e l o w  
t h e  r o o t  z o n e .  A n o t h e r
a g r i c u l t u r a l  
p r a e t i c e  
c o n t r i b u t i n g  
t o  l e a c h i n g  
o f  
f e r t i l i z e r
n i t r o g e n  
i s  a p p l i e a t i o n  
o f  i r r i g a t i o n  w a t e r .  
I n  L g Z t  
a p p r o x -
i m a t e l y  
1 9 7 ' 0 0 0  
a c r e - f e e t  
o f  w a t e r  w e r e  
a p p l i e d  
t o  1 6 4 , O O O
& c r € s r  
I n  
c a s e s  
w h e r e  
t h e  
w a t e r - h o l d i n g  
c a p a c i t y  o f  t h e  s o i l
:
i s  
e x c e e d e c i  b y  
p r e c i p i t a t i o n  
a n d . / o r  
i r r i g a t i o n ,  
n i t r a t e  
w i l l
t n o v e  
b e l o l v  t h e  
r o o t  
z o r i € r
N i t r o g e n  
f e r t i l i z e r  i s  a  c o u r c e  o f  n i t : : a t e  i n  
g r o u n d -
w a i e r  
i n  
s o m e  a r e a s  
o f  
H a 1 l  
C o u n t y .  
H o w e v e r ,  i n  
H a 1 I  C o u n t y r
c o m m e r c i a l  
f e r t i l i z e r  i s  
n o t  a  
w i d e s p r e a d  s o u r c e  
o f  
g r o u n d -
w a t e r  
c o n t a m i n a t i o n  
b e c a u s e r  
( t )  
i n  c o n v e n t i o n a l  
u s € r  
i t  
i s
a p p l i e d  
w i d e l y  
i n  
s m a l 1  a m o u n t s  o n  
a  
d i s c o n t i n u o u s  
b a s i s t
( 2 )  
i t  i s  s u b j e e t  t o  
l o s s e s  
s u c h  a s  u p t a k e  b y  
p r o d u c t i v e
c r o p s ,  e r o s i o n ,  d e r r i t r i f i c a t i o n  a n d  
i m m o b i l i z a t i o n l  
a n d
( : )  
t h e  
a r e a l  
d i s t r i b u t i o n  o f  n i t r a t e  
s h o w n  
o n  
p l a t e  
1
s u g g e s t s  
t h a t  
n i t r a t e  
i n  f e r t i l i z e r  
h a s  n o t  r e a c h e d  t h e
g r o u n d w a t e r  
r e s e r v o i r  
i n  s i g n i f i c a n t  
c o n c e n t r a t i o n s  
e x c e p t
i n  1 o c a l  a r e a s .  U n d o u b t e d l y ,  a d d i t i o n a l  
s o u r c e s  o f  n i t r a t e
a r e  
p r e s e n t  
i n  
t h e s e  
l o c a l  
a r e a s .
C e r t a i n  a r e a s  
i n  
H a I l  
C o u n t y  a r e  
s u s e e p t i b l e  
t o  
J - e a c h i n g
o f  f e r t i l i z e r  n i t r o g e n  d u e  
p r i m a r i l y  
t o  s h a l l o w  
w a t E r - t a b l e
c o n d i t i o n s ,  
p € r f i € a b 1 e  
s o i l s ,  a n < l  h i g h l y  
p e r m e a b l e  
d e p o s i . t s
i n  t h e  u n s a t u r a t e d  z o n e .  
I n  
t h e  
a r e a  
o f  h i g h  
n i t r a t e  
c o n c e n -
t r a t i o n  
d i r e c t l y  n o r t h e a s t  
o f  
G r a n d  
I s l a n d ,  f e r t i l i z e r
n i t r o g e n  
p r o b a b l y  
h a s  
b e e n  
l e a c h e d  
f r o m  t h e  
s a n d y  s o i l s  
o f
t h e  0 ' N e i l l - N l e a d i n  A s s o c i a t i o n .  S i m i l a r  
h y d r o g e o l o g i c  
c o n d i -
t i o n s  
p r e v a i l  
i n  
t h e  b o t t o m l a n d  
o f  t h e  
P l a t t e  
R i v e r  v a l I e y ,
a l t h o u g h  
n i t r : a t e  
c o n t e n t s  
i n  t h e  
g r o u n d w a t e r  
s y s t e m  a r e
g e n e r a l l y  
m o d e r a t e  
I  
r a n g i n g  
f r o m  
J  
t o  
) 0  
n g f t .  A l t h o u g h  
t h e
s u b s o i l s  
o f  t h e  
E x l i n e - W o o d  
R i v e r - S i l v e r  C r e e k  
A s s o c i a t i o n
a r e  
s l o v r l y  
t o  v e r y  s l o w l y  
p e r m e a b l e  
( y o s t  
e t  
a l . ,  
7 9 6 2 ) ,
s o m e  
f e r t i l i z e r  
n i t r o g e n  
p r o b a b l y  
h a s  
b e e n  
l e a c h e d  t o  t h e
i , i !
7 9
g r o u n d w a t e r  
r e s e r v o i r  
i n  t h e  
a r e a  o f  h i g h  n i t r a t e  c o n c e n t r a -
t i o n  
n o r t h w e s t  
o f  G r a n d  I s l a n d .
S e v e r a l  
f a c t o r s ,  i n c l u d i n g  
e x t e n s i v e  a g r i c u l t u r a l  
d e v e l -
o p n e n t  a n d  
h y d r o g e o l o g i c  
c o n d i t i o n s ,  
s u g g e s t  
' t h a t  
c o m m e r c i a l
{ ' r . r " t , 1  
' 1 . 1  
r , , ' r . '  
l t r t r :  
r . . ( ' 1 1 1 ; r ' i l r t t ' t ; t ' c l  
r r i  
b r ' : r  
t ; r .  
b r : r  L h t r  
i t r o n ,  
o  I  
h : i t : } r
n j . [ r : n [ o  
c o n t o n . [  
n l o n g  
t h e  
W o o d  
R i . y e r  
i n  
t h e  
w e s [ n r n  
p a r t  
o f
H a I I  C o u n t y .  
R u n o f f  
f r o m  f e r t i l i z e d  f i e l d s ,  f e e d l o t s  
a n d
f r o m  
o t h e r  
s o u r c e s  
c o n t r i b u t e s  n i t r a t e - r i c h  
w a t e r  
t o  t h e  
W o o d
R i v e r  a n d ,  
i n  
t u r n ,  
t o  t h e  
g r o u n d w a t e r  
r e s e r v o i r .  
A s  d i s c u s s e r i
o n  
p a , q o  
7 9 ,  
w a t e r  
t h a t  s e e p s  t h r o u g h  
t h e  
s t r e a m  
b e d  
c a n  
m o v e
r e a d i l y  
i n t o  t h e  
g r o u n d w a t e r  
r e s e r v o i r ,  
f h e r e f o r e ,  n i t r a t e
i n  s o l u t i o n  
i n  t h e  
W o o d  
R j - v e r  
m o v e s  
r e l a t i v e l y  
u n a f f e c t e d
w i t h  
t h e  
i n f i l t r a t i n g  
w a t e r  
i n t o  
t h e  a d j a c e n t  
g r o u n d w a t e r .
N i t r a t e  
c o n c e n t r a t i o n s  
i n  
g r o u n d w a t e r  
i n  t h e  
a r e a  
o f
c l a l p a n  s u b s o i l s  
o f  t h e  
W o o d  
R i v e r  
A s s o c i a t i o n  
a r e  
g e n e r a i l y
l o w .  T h i s  
s u g g e s t s  
t h a t  t h e  
c l a y p a n  
a c t s  a s  a n  i m p e i r n e a b l e
b a n r i e r  
t o  
n i t r a t e  a s  w e l l  
a s  
t r a p p i n g  
s o i l  
w a t e r  
w h i c h  
a c t s
t o  s a t u r a t e  
t h e  
s o i l s  
a n d  t o  
p r o m o t e  
d e n i t i f i c a t i o n  o f  f e r t i -
l i z e r  n i t r o g e n .
C o m m e r c i a l  
f e r t i l i z e r  
m a y  b e  a  
s i g n i f i c a n t  c o n t r i b u t o r
t o  n i t r a t e  l e v e l s  
i n  
g r o u n d w a t e r  
i n  
H a I l  
C o u n t y  i n  t h e  n e a r
f u t u r e  d u e  
t o  i t s  i n e r e a s i n g  u s e  a n d  t h e  
t i m e  I a g  
c a u s e d  
b y
s l - o w  m o v e m e n t  
o f  
w a t e r  
t h r o u g h  t h e  u n s a t u r a t e d  
z o n e .  
T h e
a m o u n t  
o f  
c o m r n e r c i a l ,  n i t r o g e n - b e a r i n g  
f e r t i l i z e r  
u s e d  
i n
H a l l  C o u n t y  
h a s  
i n c r e a s e d  s i g n i f i e a n t l y  
i n  
r e c e n t  
y e a r s
a c c o r < i i n g  
t o  
f i g u r e s  c o m p i l e d  
b y  
t h e  N e b r a s k a  D e p a r t m e n t  
o f
A g r i c u l t u r e  




T o n s  
o f  
n i t r o g e n
f e { t i l i  
z e r
g ,  
5 L 2
7 2 , 8 2 3
1 1 ,  1 8 7
2 2 ,  
5 8 4
L 7  
, 5 6 5
1 8 ,  o o 5
2 2 , 8 8 6
P e r e e n t  
o f




1 9 ( r J
L 9 6 6
1 9 6 ?
t  
c f - ' B
t  
o 6 o
l - 9 ? o
7 9 z t
R e s e a r c h  
f i n d i n g s  r e p o r t e d  
b y  S t e w a r t  e t  a I .  
( t 9 5 2 ) ,
s m i t h  
( t 9 6 ? ) ,  
E n g b e r g  
( 1 9 6 ? ) ,  
G i l l h a m  a n d  
w e b b e r  
( l - 9 6 9 )  
a n d
n a n y  
o t h e r s  
i n d i c a t e  t h a t  f e e d l o t  
a n d  b a r n y a r d  
w a s t e s  
c o n -
t r i b u t e  n i t r a t e  
t o  
g r o u n d w a t e r  
s u p p l i e s .  
T h e s e  f i n d i n g s
s u g g e s t  
t h a t  f e e d l o t s  
i n  H a I I  C o u n t y  a r e  a  
s o u r c e  o f  n i t r a t e
i n  
w e l l  w a t e r ,  
S o m e  
o f  t h e  d a t a  c o l l e c t e d  f o r  
t h i s  
s t u d y
a l s o  s u g g e s t  
t h a t  
i n  
c e r t a i n  c a s e s  f e e d l o t  
w a s t e  
i s  
a  
s o u r c e
o f  h i e h  
n i t r a t e  
c o n c e n t r a t i - o n s  i n  
w e l l  
w a t e r .
C o m p a r i s o n  
o f  
p l a t e s  
1  a n d  
2  
s h o w s  
t h a t  s o m e  f e e d l o - L s
a r e  
a s s o c i a t e d  w i t h  
a r e a s  
o f  i n e r e a s e d  n i t r a t e  c o n t e n t s
w h e r e a s  
o t h e r s  
a r e  
l o e a t e d  
i n  
a r e a s  
o f  
g e n e r a l l y  
1 o w  n i t r a t e
c o n c e n t r a t i o n s  
i n  
g r o u n d w a t e r .  
I n  o r d e r  t o  
d e t e r m i n e  t h e
r e l a t i o n s h i p s  
b e t w e e n  f e e d l o t s  a n d  
n i t r a t e  
I e v e 1 s  
i n  
w e l l
w a t e r ,  
w e 1 1 s  
l y i n g  o n  
v e c t o r s  
o f  
l e n g t h  
g e n e r a l l y  
l e s s  t h a n
o n e - h a l f  m i l e  
a n d  a n g l e s  
g e n e r a l l y  
l e s s  t h a n  
9 0 o  
t o  t h e
g r o u n d w a t e r  
f l o w  
l i n e s  
w e r e  g r o u p e d  
a c c o r d i n g  
t o  n i t r a t e
c o n c e n t r a t i o n .  
F o r  
4 l  w e l l s  
l o c a t e d  n e a r  
3 5  
f e e d l o t s  
s h o w n
o n  
p l a t e  
2 ,  
t h e  f o l l o w i n g  
d i s t r i b u t i o n  w a s  
f o u n d r
I t o r  
,  
( r n g , / l  
)
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C o m p a r i s o n  o f  t h i s  d i s t r i b u t i o n  
w i t h  
t h e  d i s t r i b u t i o n
s h o r r ' n  
o n  f i g u r e  1 1  
s u g g e s t s  t h a t  
s o m e  
f e e d l o t s  
a r e  
c o n t r i b -
u t l n g  t o  h i g h  n i t r a t e  c o n c e n t r a t i o n s  
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i n  G r a n d  
I s l a n d ,  
s u c h  a s  S w i f t  a n d  C o m p a n y ,
o i s c h a r g e  
t h e i r  
w a s t e s  
i n t o  t h e  c i t y  
s e w a g e  





t , ) t r ' r '  
f i t ' t r n r i  
I  
t - I t r r t d  
i t r r l u s t r ' . i . t - ,  
s ,  t , t u c l t  
a L l  
' L h e  
I , ' o r d  I ' a c k l n y q
C o m p a n y  a n d  
A n d y ' s  
R e n d e r i n g  P l a n t ,  
d i s c h a r g e  w a s t e s  
i n t o
l a g o o n s ,  I , ' i a s o n  
a n d  
H a n g s p - S i l a s  I ' l a s o n  
C o m p a n y ,  
l o c a t e d  
i n
t h e  C o r n h u s k e r  
A r m y  
A m m u n i t i o n  
P l a n t  
w e s t  
o f  G r a n d  
I s l a n d ,
d i s e h a r g e s  
w a s t e  
i n t o  l e a c h i n g  
p i t s .  
T h e r e  a r e  a t  l e a s t
t w o  
i n d u s t r i a l  
f i r m s  n e a r  G r a n d  
I s l a n d  
w h i c h  
p r o d u c e  
f e r t i -
l i z e r  
p r o d u c t s ,  
b u t  
t h e l r  m e t h o d s  
o f  
w a s t e  
d i s p o s a l  a r e  
u n -
k n o v r n .  
T w o  
c o m p a n i e s  
l o c a t e d  a t  
W o o d  
R i v e r  d i s c h a r g e  
n i t r o -
q e n o u s  
w a s t e s .  
T h e  
W o o d  
R i v e r  
L o c k e r  
S y s t e m  
u t i l i z e s  a
s e p t i c - t a n k  
d i s p o s a l  
s y s t e m .  T h e  v r a s t e  
d i s p o s a l  m e t h o d  
f o r
t h e  
t r { o o d  
R i v e r  
F e r t i } i z , e r  
a n d  C h e m i c a l  
C o m p a n y  i s  u n k n o w n
( N e b r a s k a  
S o i l  W a t e r  
C o n s e r v .  C o m m , ,  
1 9 ? 1 ) .
I n d u s t r i a l  w a s t e s  
d i s c h a r g e d  
i n t o  
l a g o o n s  a n d  
s e p t i e -
t a n k  
d i s p o s a l  s y s t e r n s  
r e p r e s e n t  
a  s o u r c e  
o f  n i t r a t e  
i n  l i a l 1
C o u n t y  
g r o u n d w a t e r  
s u p p l i e s ,  
d e p e n d i n g  
u p o n  
t e x t u r e  a n d
t h i c k n e s s  
o f  t h e  
u n s a t u r a t e d  
z o n e ,  
d i s p o s a l  s y s t e m  
S p e r a t i o n
a n d  
o t h e r  
f a c t o r s .  
I n  t h e  G r a n d  
I s l a n d  a r e a  m o d e r a t e l y  
t o
r a p i d l y  
p e r m e a b l e  
s o i l s  
o v e r l i e  
a  
s h a l l o w  
g r o u n d . w a t e r  
s y s t e m ,
c o n d i t i o n s  w h i c h  
f a v o r  s i g n i f i c a n t  
l e a c h i n g  
o f  n i t r a t e  
t o
t h e  
g r o u n d w a t e r  
s y s t e m .  
S e w a g e  
l a g o o n  
o p e r a t i o n  
i s  
a l s o  
a n
i m p o r t a n t  
f a c t o r  
c o n t r o l l i n g  
t h e  n i t r a t e  
c o n c e n t r a t i o n  
i n
t h e  
g r o u n d w a t e r  
s y s t e m  
( S c t r m i a t  
t  
1 9 ? 2 )  ,
D u r i n g  
t h e  
c o u r s e  o f  t h i s  
s t u d y ,  
d a t a  
w e r e  
c o l l e c t e d
a n d  a n a l y z e d  
t o  d e t e r m i n e  
i f  
s t r e a m  w a t e r  w a s  
e o n t r i b u t i n g
n i t r a t e  
t o  t h e  a d j a c e n t  
g r o u n d w a t e r  
s u p p l i e s .  N i t r a t e  
c o n e e n -
t r a t i o n s  
i n  
w a t e r  
s a m p l e s  
c o l l e e t e d  
f r o m  
t h e  
P l a t t e  
a n d  
V f o o d
R i v e r s  a n d  
f r o m  
n e a r b y  
w e l l s  w e r e  
c o m p a r e d .  S t r e a m f l o w  
d a t a
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f o : '  t h e  t w o  
s t r e a l n s  a n d  m a p s  
s h o l v i n g  
d e p t h  
t o  
w a t e r  
a n d  c o n -
f i s u r a t i o n  
o f  
t h e  
w a t e r  
t a b l e  
w e r e  
u s e d  t o  
d e t e r m i n e  
w h e t h e r
t h e  s t r e a m s  
w e r e  
l o s i n e  
w a t e r  
t o  
t h e  
g r o u n d w a t e r  
r e s e r v o i r ,
S e v e r a l  
f a c t o r s  s u g g e s t  t h a t  t h e  
P l a t t e  R i v e r  
i s  
p r o -
l r e b l 1 g  
n o b  a  
s i , q n i f i c a n t  s o u r c e  
o f  n i t r a t e  
c o n t a m i n a t i o n  
t o
t h e  
a t l j a c e n t  
g r o u n d w a t e r  
r e s e r v o i r .  
A  
p r i m a r y  
f a c t o r  i s  
t h e
v e r y  
l o w  n i t r a t e  
c o n c e n t r a t i o n  o f  t h e  
s t r e a m  
w a t e r ,  
T h r e e
s a m p i e s  
o f  P l a t t e  R i v e r  
w a t e r  
c o l l e c - b e d  
o n  A u g u s t  1 0 '  1 9 7 L ,
a v c - . r a , q e < i  
l e s s - t i " r a n  
1 . 0  
m , q r l I  
o f  
r r i t r a t e .  
T h e  
U . S .  
G e o l o 8 i c a l
l ' ) u r v t : , y  
h i t t  
s n r n p l . o r l  
t h o  
P l n L t e  
R i v c r  a t  O v o r t o n ,  I ' i o b r a r ; k a ,
t h e  n e a r e s t  
u p s t r e a m  w a t e r - q u a l i t y  
s t a t i o n  f r o m  H a 1 l  C o u n t y ,
f o r  
m a n y  
y e a r s .  
S i n e e  
O e t o b e r  
\ 9 6 8 ,  t h e  
N o r t h  
a n d  S o u t h
C h a n n e l s  
h a v e  
b e e n  
s a m p l e d  
b i m o n t h l y .  F o r  
t h e  
p e r i o d  
O c t o b e r
L 9 6 4  
t h r o u g h  
S e p t e m b e r  
l 9 ? 0 ,  
t h e  
r a n g e  i n  n i t r a t e  
c o n c e n t r a -
t i o n  
w a s  
0 , 0  
t o  
4 , 9  
n g h  
( U . S .  
G e o 1 ,  S u r v e y ,  
1 9 6 5  t h r o u g h
L 9 ? 0 ) ,  
U n p u b l i s h e d  
d a t a  
i n  t h e  f i l e s  
o f  
t h e  U . S .  
G e o l o g i c a l
e
S u r v e y  
s h o w  
t h a t  t h e  n i t r a t e  
e o n c e n t r a t i o n  i n  
t h e  
P l a t t e
R i v e r  s o u t h  
o f  
G r a n d  
I s l a n d  d u r i n g  l a t e  
w i n t e r  
a n d  
s p r i n g  o f
7 9 Z l  
r a n g e d  f r o m  0 . 0  
t o  
5 , L  
n g / l .  T h e s e  r e p o r t e d  
n i t r a t e
c o n c e n t r a t i o n s  
a g r e e  
w i t h  
t h e  f i n d i n g s  o f  
t h e  
T a s k  G r o u p  
2 5 L A - P
R e p o r t  
( 1 9 ? 0 )  
w h i e h  
n o t e d  t h a t  
t h e  i n o r g a n i c  
e o m p o u n d . s  o f
n i t r o g e n  s e l d o m  e x c e e d  
c o n c e n t r a t i o n s  o f  
a  f e w  m i l l i g r a m s
p e r  
l i t e r  
i n  s u r f a c e  
w a t e r  
b e c a u s e  
t h e y  
a r e  
s u b j e c t  t o  
b i o -
l o g i c a l  
u p t a k e "
A s  
p r e v i o u s l y  
n o t e d ,  t h e  
P l a t t e  
R i v e r  l o s e s  
w a t e r  
d u r i n g
s e v e r a l  m o n t h s  
o f  e a c h  
y e a r  
( f i g ,  
? ) ,  
a n d  a n a l y s i s  
o f  
s t r e a m -
f l o w  
r e c o r d s  
i n d i c a t e  t h a t  t h e  
P 1 a t t e  
R i v e r  l o s e s  a n  
a v e r a g e
o o
( - )  ( . )
o f  
a b o u t  
4 8 , 0 0 0  
a c r e - f e e t  a n n u a l l y  b e t w e e n  
g a g i n g  
s t a t i o n s
1 1 ( - a n r '  
0 t i c s s a  : : . n r i  G r n . n d  
I s l a n d .  
A 1 s o ,  
S  
t i f f  < i i a g r a m r :  o f  
w e - 1 1 . s
9 l i - I l W - R b b b  
a n d  1 O N - 9 w - L l b d  
s h o w  
t h e  
e f f e c t  o f  r i v e r - w a t e r
r e c h a r g e  a s  
d i s c u s s e d  
p r e v i o u s l y ,  
T h i s  
i n d i r e c t  
e v i d e n c e
a n c l  
t i r e  
g e n e r a l l y  
l o w  n i t r a t e  
c o n t e n ' t  
i n  
w a t e r  
f r o m  
w e l l s
l o c a t e d  n e a r  t h e  
r l v e r  
a n d  o n  i s l a n d s  i n  
t h e  r i v e r  
s u g g e s t
' L h : r t  
t h o  P l a t . t r :  
R i v e r :  
r e c h a : : , q e s  
t h e  
g r o u n d w a t e r  
r e s e r v o i r
a l o n q  
i t s  
c o u r s e  
w i t h  
l o w - n i t r a t e  
w a t e r .  
T h e  1 2  
G r a n d  
I s l a n d
m u n i c i p a l  
s u p p l y  
w e l l s  
i n  
t h e  
P l a t t e  R i v e r  
w e l l  f i e l d  
y i e l d
l o l v - n i t r a t e  w a t e r .  S a m p l e s  
c o l l e c t e d  
f r o m  
t h e s e  
w e I I s  
i n
J u l y  l 9 7 t  
c o n t a i n e d  
o n l y  t r a c e  
a m o u n t s  
o f  n i t r a t e .  
M a n y
a d d i t i o n a l  
n i i r a t e  a n a l y s e s  
( p 1 .  
1 )  f r o m  
w e l l s  
n e a r  
t h e
P l a t t e  
R i v e r  a l s o  s h o w  
1 o w  
n i t r a t e  
e o n t e n t s .
S o m e  h y d r o l o g i e  
a n d  c h e m i c a l  d a t a  
w h i c h  
s u g g e s t  t h a t
t h e  
' v V o o d  
R i v e r  m a y  
b e  a  s o u r c e  o f  n i t r a t e  
i n  
t h e  a d j a c e n t
g r o u n d w a t e r  
s u p p l i e s  
i n  t h e  
w e s t e r n  
h a l f  
o f  
H a I 1  
C o u E n t y  h a v e
b e e n  
p r e s e n t e d .  
T h r o u g h o u t  
m o s t  o f  
t h i s  
a r e a ,  
t h e  
s t r e a m
b e d  
i s  
a p p r o x i m a t e l y  
1 0  t o  
1 5  f e e t  
a b o v e  
t h e  s t a t i c  
w a t e r
t a b l - e  
( p 1 .  
5 ) ,  
a n d  
t h e  s t r e a m  
f l o w s  
o n l y  i n  r e s p o n s e  t o  
o v e r -
l a n d  r u n o f f  
a n d  s e w a g e - e f f l u e n t  
d i s c h a r g e .  
T h e  
W o o d  
R i v e r
f l o w s  
t h r o u g h  
t h e  c e n t e r  
o f  a n  a r e a  
o f  i n c r e a s e d  n i t r a t e  
c o n -
c e n t r a t i o n ,  
g e n e r a l l y  g r e a t e r  
t h a n  
3 0  
n g / L ,  
i n  t h e  
w e s t e r n
h a l f  
o f  
t h e  c o u n t 3 r  
( p 1 .  
1 )  ,
T h e  
V , l o o d  
R i v e r  i n  
t h e  
w e s t e r n  
h a l f  o f  H a l 1  
C o u n t y  
r e -
c e i v e s  
n i t r o g e n - r i e h  d i s c h a r g e  f r o m  a t  l e a s t  t w o  c o n c e n t r a t e d
s o u r c e s .  
T w o  n e a r b y  c o m m u n i t i e s ,  
S h e l t o n  
i n  
B u f f a l o  C o u n t y
a n d  
l l o o d  
R i v e r ,  
d i s c h a r g e  
t h e l r  
s e w a g e  e f f l u e n t  
i n t o  
t h e  
W o o d
R i - v e r .
: - .
B 9
T h e  
W o o d  
R i v e r  
h a s  
p r o b a b l y  
b e e n  
r e c e i v i n g  t r e a t e d  a n d  
u n -
t r e a t e d  
d o m e s t i c  
r v a s t e s  
f r o m  
t h e s e  
c o m m u n j . t i e s  f o r  a s  
l o n g
a s  
m u n i c i p a l - s e w a g e  
d i s p o s a l  
s y s t e m s  
h a v e  
b e e n  
o p e r a t i v e .
T h e r e  
a r e  
t h r e e  r e g i s t e r e d  
f e e d l o t s  
a l o n g  
t h e  
W o o d  
R i v e r
w e s t  
o f  
A l d a  w h i c h  
a r e  
p o t e n t i a l  
s o u r c e s  o f  
n i t r a t e - r i c h
r u n o f f  
t o  t h e  s t r e a m .  
F e e d l o t s  a n d  
o t h e r  a g r i c u l t u r a l
s o u r c e s  
o f  n i t r o g e n  
c o m p o u n d s  
h a v e  b e e n  c o n t r i b u t i n g  
n i t r o g e n -
r i c h  
r u n o f f  
t o  t h e  
W o o d  
R i v e r  
f o r  
m a n y  
y e a r s .
A  s a m p l e  
o f  
s e w a g e  e f f l u e n t  
c o L l e c t e d  
i n  
M a r c h  
1 9 7 2
f r o m  
t h e  
W o o d  
R i v e r  
d o w n s t r e a m  f r o m  
t h e  
S h e l t o n  
s e w a . g e -
t r e a t m e n t  p l a n t  
c o n t a i n e d  
? , 9  
n g , / l  
o f  
n i t r a t e .  
T h i s  r e l a -
t i v e l y  
I o w  
n i t r a t e  
c o n c e n t r a t i o n  
p r o b a b l y  
r e p r e s e n t e d .  
o n l y
a  
f r a c t i o n  o f  
t h e  
t o t a l  n i t r o g e n  
c o n t e n t  
i n  t h e  e f f l u e n t
f r o m  
1 " h e  
s e c o n d a r y  
t r e a t m e n t  
p l a n t ;  
a m m o n i a  
w a s  
p r o b a b l y
p r e s e n t  
i n  
s i g n i f i e a n t  
a m o u n t s  
( T a s i r  
G r o u p  
2 6 1 0 - P  
R e p o r t ,
L g ? 0 3  
V i e t s  
a n d  
H a g e m a n ,  
L g ? L ) ,  
A c c o r d i n g  
t o  
G a t e s " ( t 9 5 ? ) ,
t y p i c a l  
u n t r e a t e d  m u n i c i p a l  w a s t e  
w a t e r  
c o n t a i n s  
o r g a n i c -
n i t r o g e n ,  
a m m o n i a - n i t r o g e n  
a n d  n i t r a t e - n i t r o g e n  
i n  c o n c e n -
t r a t i o n s  
r a n g i n g  f r o m  
B . J  
t o  
L B  
n g / L ,  
4 . 0  
t o  
2 O  
n g / L  
a n d .  
0 . 4 5
t o  1 . 8  
n g / L ,  
r € s p e c t i v e l y ,
T h e s e  d a t a  
i n d i c a t e  
t h a t  
n i t r a t e
i n  u n t r e a t e d  m u n i c i p a l  
w a s t e
i s  a  m i n o r  
n i t r o g e n  
c o m p o u n d
w a t e r .
A l t e r n a t i n g  p e r i o d s  
o f  d i s c h a r g e  
a n d  
n o  d i s c h a r g e  
i n
t h e  
W o o d  
R i v e r  u p s t r e a m  
f r o m  A l d a  
m a y  
p a r t i a l l y  
e x p l a i n  
t h e
o b s e r v e d  
n j - t r a t e  
c o n c e n t r a t i o n  
o f  
g r o u n d l v a t e r  
i n  t h e  v i c i n i t y .
T h e  
a m m o n i a  
a n d  o x i d i z a b l e  
o r g a n i c  n i t r o g e n  
c o m p o u n d s  d e p l e t e
t h e  
m o l e c u l a r  
o x y g e n  s u p p l y  
o f  t h e  e f f l u e n t  
w a t e r  
t o  
t h e
9 0
e x t e n t  
t h a t  n i t r i f i c a t i o n  c a n n o t  o c c u r  i n  t h e  
g t r e a m  
( V i e t s
a n d  H a g e m a n ,  
1 9 7 1 ) .  
E v a p o t r a n s p i r a t i o n  a n d  
i n f i l t r a t i o n
o f .  t h e  e f f l u e n t  
w a t e r  a l o n g  
t h e  
e p h e m e r a l  
W o o d  
R i v e r  
w o u l d
r e s u l t  i n  d r y i n g  o f  
t h e  
s t r e a m  b e d ,  
w h i c h  
i n  
t u r n ,  
w o u l d
f o s t e r  a e r o b i c  
c o n d i t j - o n s .  I n  
t h e  o x y g e n - r i c h  
e n v i r o n m e n t
o f  
t h e  e x p o s e d  
s t r e a m  b e d  
a m m o n i f i c a t i o n  
a n d  n i t r i f i c a t i o n
o f  
t h e  a d s o r b e d  a m m o n i a  a n d  o r g a n i - c  
n i t r o g e n  c o m p o u n d s  b y
a u t o t r o p h i c  
n i t r i f y i n g  
b a c t e r i a  
w o u l d  
o c c u r  
( T a s t <  
G r o u p
2 6 1 0 - P  
R e p o r t ,  
L 9 ? O l  
V i e t s  
a n d  H a g e m a n ,  
L 9 ? 1 ) ,  
P e r i o d s  
o f
o v e r l a n d  
r u n o f f  
w o u l d  
p r o v i d e  
t h e  
w a t e r  
t o  
t r a n s p o r t  
t h e
m o b i l e  
n i t r a t e  
v e r t i c a l l y  w i t h  
i n f i l t r a t i n g  
w a t e r .
S e v e r a l  
i n v e s t i g a t o r s  
h a v e  
r e p o r t e d  
f i n d i n g s  
w h i c h  
t e n d
t o  s u b s t a n t i a t e  t h e  h y p o t h e s i s  t h a t  n i t r a t e  d e r i v e d  f r o m
s e w a g e  e f f l u e n t  a n d  
o t h e r  n i t r o g e n o u s  
w a s t e  
i n  t h e  
W o o d
R i v e r  m a y  b e  
r e a c h i n g  t h e  
w a t e r  
t a b l e .  T h e  
p r o p o s e d  
n i t r i -
f i c a t i o n  
p r o c e s s  
f o r  
W o o d  
R i v e r  
p a r a l l e l s  
t h e  n i t r i f i c a t i o n
p r o c e s s  
d e s c r i b e d  
b y  
S c h m i d t  
( t 9 7 2 ) ,  
H e  f o u n d  
t h a t  
g r o u n d -
w a t e r  
n i t r a t e  c o n t e n t  
a t  
t h e  F r e s n o ,  C a 1 i f . ,  s e w a g e  
p l a n t
d e p e n d e d  
o n  
p o n d  
o p e r a t i o n  a m o n g  o t h e r  f a c t o r s .  W h e n  
p o n d s
a r e  
n o t  
p e r i o d i c a l l y  
d r i e d  
o u t ,  
a n a e r o b i c  
c o n d i t i o n s  
p r e v a i l
a n d  
n i t r a t e  
c o n c e n t r a t i o n s  
i n  
g r o u n d w a t e r  
a r e  
l e s s  t h a n  
J
n g / L .  H o w e v e r ,  
v r h e n  
p o n d s  
a r e  
p e r i o d i c a l l y  
d r i e d  o u t ,  
a e r o b i c
e o n d i t i o n s  
d e v e l o p  
a n d  
a t  t h e  
b e g i n n i n g  
o f  
f l o o d i n g  c y c l e s
n i t r a t e  
c o n c e n t r a t i o n s  1 n  
t h e  s h a l l o w  
g r o u n d w a t e r  
c a n  I o c a 1 l y
e x c e e d  s e v e r a l  
h u n d r e d  m i l l i g r a m s  
p e r  
I i t e r ,  
S e h m i d t  
f u r t h e r
e x p l a i n e d  
t h a t  
w h e n  
p o n d s  
a r e  
k e p t  
f u 1 l ,  n i t r o g e n  i s  r e t a i n e d
i n  
t h e  
s o i l  
i n  t h e  o r g a n i c  
a n d  a m m o n i a  
f o r m s ,  
W h e n  




a r e  
p o r i o d i c a l l , y  
d r i e d  
o u t ,  n i t : : i f i c a t l o n  c a n  o c c u r .  
l { j . -
t r a t e  
i s  t h e n  
l e a c h e d  
u p o n  t h e  n e x t  
w e t t i n g  
o f  t h e  
p o n d s .
D e n i t r i f i c a t i o n  
c a n  
a l s o  
s u b s t a n t i a l l y  r e d u c e  n l t r a t e  c o n -
t e n t s  u n d e r  a n a e r o b i c  
e o n d i t i o r s .  
M e y e r  
e t  
a 1 .  
( t 9 ? Z )  
r e -
p o r t e d  
t h a t  
w a s t e  
w a t e r s  
f r o m  
s o m e  
p o u l t r y  
a n d  d a i r y  o p e r a -
t i o n s  
i n  
C a l i f o r n i a  
f l o w e d  t o  n e a r b y  s t r e a m  
b e d s  
w h e r e  
p a r t
o f  i t  
p e r c o l a t e d  
i n t o  
g r a v e l l y  
s t r e a m  b e d s  
a n d  
c o m b i n e d
w i t h  
g r o u n d w a t e r
R e  l . a t i * g n  
: ! . o , S - { g e ! e _ {  
v - q 5 1 $ } q s _
T h e  o c c u r r e n c e  a n d  d i s t r l b u t i o n  o f  n i t r a t e  
i n  
g r o u n d -
v r a t e r  
i s  
a  
c o m p l e x  
p r o b l e m  
d e p e n d e n t  u p o n  
m a n y  v a r i a b l e s ,
S e v e r a l  
o f  t h e  m o r e  
i m p o r t a n t  
v a r i a b l e s  a r e r  s o u r c e s  a n d
m a g n i t u d e s  
o f  n i t r a t e s ,  t h e  
r e g i o n a l  
w a t e r - t a b l e  
g r a d i e n t ,
l o c a l l y  
i n d u c e d  
w a t e r - t a b I e  
g r a d i e n t s  
r e s u l t i n g  
f r o m  
r e -
c i r a r g e  
o r  
p u m p i n g  
a n d  c o m p l i e a t e d  c h e m i c a l - b i o l o g i c  r e -
a c t i o n s  
( B e h n k e  
a n d  H a s k e 1 l ,  
1 9 6 8 ) .  
S c h m i d t  
( t g Z Z )  
f o u n d
t h a ' b  h ) . d r o l o g i e  f a c t o r s  s u c h  a s  t r a n s m i s s i v i t y ,  h a r d p a n
d e v e l o p m e n t  
i n  
s o i l s ,  
a n d  e a n a l  
r e c h a r g e  
a r e  
c l o s e l y  r e l a t e d
t c  o c c u r r e n c e  
o f  n l t r a t e ,
l l y d r o g e o l o g i c  
a n d  
r e l a t e d  
v a r i a b l e s  
i n f l u e n c e  t h e  o e c u r -
r e n c e  a n d  d i s t r i b u t i o n  
o f  n i t r a t e  
i n  t h e  
g r o u n d w a t e r  
r e s e r -
v o i r  
i n  H a I l  
C o u n t y .  O n e  o f  
t h e s e  
v a r i a b l e s  
i s  t o p o g r a p h i c
s e t t i n g .  
I n  
g e n e r a l ,  
n i t r a t e  c o n c e n t r a t i o n s  a r e  
g e n e r a l l y
l e s s  
t h a n  
5  
n g / 7  b e l o w  
t h e  u p l a n d s  a n d  
h i g h e r  
t e m a c e s r
C o n c e n t r a t j - o n s  
b e n e a t h  
t h e  
P l a t t e  
R i v e r  
v a 1 I e y  
g e n e r a l l y  
r a n g e
f r o m  
5  
t o  
3 0  
n g f t ,
T h e  t e x t u r e  
a n d  
r e l a t i v e  t h i c k n e s s  
o f  
t h e
p a r t l y  
r e s p o n s i b l e  f o r  t h i s  r e l a t i o n s h i p .
h
u n s a t u r a t e d  
z o n e  a r e
g 2
C o m p a r i s o n  o f  
p l a t e  
1  
a n d  
f i g u r e  
5  
s u g g e s t s  t h a t  t h e
c o r r e l a t i o n  b e t w e e n  
n i t r a t e  c o n t e n t  
a n d  t r a n s m i s s i v i t y  i s
o b s c u r e .  
A l t h o u g h  
t r a n s m i s s i v i t y  
o f  s a t u r a t e d  
m a t e r i a l  
i s
h i g h  n e a r  t h e  P l a t t e  R i v e r ,  
s o m e  
w e l I s  
i n  
t h i s  a r e  
c o n t a i n
s i g n i f i e a n t  
c o n c e n t r a t i o n s  
o f  n i t r a t e .  L o w  t r a n s m i s s i v i t y '
w h i c h  
i s  
o f t e n  
a s s o c i a t e d  
w i t h  
h i g h  n i t r a t e  c o n t e n t s
( S c f r m i a t ,  
l - 9 ? 2 ) ,  i s  r e l a t e d  t o  I o w  n i t r a t e  c o n t e n t  
s o u t h -
w e s t  
o f  C a i r o .  
I n  c o n t r a s t ,  l o w  
t o  m o d e r a t e  
t r a n s m i s s i v i t y
m a y  
p a r t l y  
b e  r e s p o n s i b l e  f o r  t h e  h i g h  
n i t r a t e  
L e v e l s  i n  
t h e
g r o u n d w a t e r  
i n  
t h e  
v l c i n i t y  o f  
W o o d  
R l v e r .
l i i g h  
t r a n s r n i s s i v i t y ,  
v e r y  
r a p i d l y  
p e r m e a b l e  
s u b s o i l
a n d  a  s h a l l o w  w a t e r  
t a b l e  
a r e  
r e l a t e d  
t o  t h e  
l o w  
n i t r a t e
c o n c e n t r a t l o n  
i n  
w e l l  
1 1 N - ) ' i l - l ) c a a r  l o c a t e d  i n  
t h e  h o u s i n g
d e v e l o p m e n t  
f r i n g i n g  a  
s a n d p i t  
1 a k e .  
A c c o r d i n g  t o  
R i c h a r d
E n g b e r g  
( o r a l  
c o m m u n i e a t i o n ) ,  
w a t e r  
i s  
p u m p e d  
f r o m  
a  
n e a r b y
i r u i g a t l o n  
w e l l  
t o  
m a i n t a i n  
t h e  l a k e  
1 e v e l .  
E d w a r d  f d w a r d s
( o r a 1  
c o m m u n i c a t i o n )  f r a s  n o t e d  
t h a t  
e a c h  h o m e o w n e r  
m a i n t a i n s
a  
p r i v a t e  
d o m e s t i c  w e l l  a n d  
a  s e p t i c - t a n k  d i s p o s a l -  s y s t e m .
E x t e n s i v e  
r e c h a r g e  d e r i v e d  f r o m  
p u m p i n g  
a n d  
p r e c i p i t a t i o n
d i l u t e s  
a n d  d i s p e r s e s  t h e  
l a r g e  i n p u t  o f  s e p t i c - t a n k  e f f l u e n t
a n d  
s u b s e q u e n t l y  
f l u s h e s  i t  t h r o u g h  t h e  
p e r m e a b l e  
a q u i f e r .
T h e  
t e x t u r e  a n d  t h i c k n e s s  o f  t h e  
m a t e r i a L  
i n  t h e  u n s a t -
u r a t e d  z o n e  
a r e  r e l a t e d  t o  n i t r a t e  
c o n t e n t  i n  t h e  
g r o u n d -
w a t e r  
s y s t e m  
i n  
H a 1 l  
C o u n t y ,  C o m p a r i s o n  o f  
p l a t e s  
1  a n d  B
i n d i e a t e s  
t h a t  h i g h  n i t r a t e  c o n c e n t r a t i o n  
a r e a s  
a r e  
g e n e r a l l y
a s s o e i a t e d  w i t h  
a  t o t a l  t h i c k n e s s  
o f  s i l t s  
a n d  
c l a y s  
n o t  
e x -
c e e d i n g  
1 0  f e e t .  T h i s  s u g g e s t s  t h a t  m o r e  t h a n  1 0  f e e t  o f
9 )
s i l t s  a n d  
c l a y s  
a r e  c a p a b l e  o f  r e t a r d i n g  
s i g n i f i c a n t  
g r o u n d -
r v a t e r  
r e c h a r g e  
t h r o u g h  
i n f i l t r a t i o n  
o f  
s u r f a e e  
w a t e r  
a n d
i t s  d i s s o l v e d  n i t r a t e ,  
W h e r e  
t h e s e  
s i l t s  a n d  c l a y s  a r e
w a t e r l o g e € d ,  
d e n i t r i f i c a t i o n  i s  
a n  
i m p o r t a n t  
p r o c e s s  
i n  
r e -
m o v i n g  
n i t r a t e  
p r o v i d e d  
a n  
o r g a n i c  
c a r b o n  e n e r g y  
s o u r c e  
i s
a v a i l a b l e .
C 1 a 1 r y a n  d e v e l o p m e n t  i n  s u b s o i l s  i s  
a  f a c t o r  c o n t r o l l i n g
t h e  
n i t r a t e  
c o n c e n t r a t i o n  i n  
g r o u n d w a t e r  
i n  
H a 1 1  
C o u n t y .
T h e  
p r e s e n c e  
o f  
a  
c l a y p a n  i n  t h e  
s u b s o i l s  o f  t h e  
W o o d  
R i v e r
A s s o e i a t i o n  
p a r t i a l l y  
e x p l a i n s  t h e  n i t r a t e  l e v e 1 s  i n  
g r o u n d -
w a t e r  
b e n e a t h  t h e s e  s o j - l s .  Y o s t  e t  
a l  
,  
( t 9 5 2 )  
p o i n t e d  
o u t
t h a t  t h e  s u b s o i l  c 1 a 3 p a n ,  e s p e c i a l l y  
u n d e r  
n o n - i r r i g a t e d
c o n d i t i o n s ,  
g r e a t l y  
l i m i t s  
w a t e r  m o v e m e n t  a n d  r o o t  
p e n e t r a -
t i o n  
i n  t h e s e  c l a l p a n  t e r r a c e s .  
N i t r a t e  I e v e l s  
u n d e r  t h e
c l a S r p a n  t e r r a c e s  
o f  t h e  
W o o d  
R i v e r  A s s o c i a t i o n  a r e  
g e n e r a l l y
3
l e s s  t h a n  
5  
n g / L ,  
i n d i c a t l n g  
t h a t  t h e  c l a y p a n  
i s  
a n  
e f f e c -
t i v e  b a r y i e r  
t o  t h e  
v e r t i c a l  
m o v e m e n t  
o f  n i t r a t e - r i c h
l e a c h a t o ,  Y o s t  e t  
a l  
.  
{ , 1 9 6 2 )  
n o t e d  t h a t  u n d e r  
i r r i g a t i o n
t h e  
c l a y p a n  i s  
k e p t  
m o i s t  a n d  t h e  r o o t s  o f  
m a n y  
c r o p s  
c a n
g r C I w  
i n t o  t h i s  
I a y e n ,  t h u s  
s i g n i f i c a n t l y  i n c r e a s i n g  
v r a t e r
m o v e m e n t  
t h r o u g h  t h e  e 1 a 1 r y a n .  
0 n  
t h e  o t h e r  
h a n d ,  t h e  
i n -
c r e a s e  i n  
m o i s t u r e  e o n t e n t  
m a y  r e s u L t  
j - n  
a n a e r o b i c  
e o n d i t i o n s
a n d  s u b s e q u e n t  
d e n i t r i f i c a t i o n  i n  
t h e  c 1 a 1 r y a n  t e r r a c e s .
D a t a  
c o l l e c t e d  f o r  1 5 0  
w e 1 l s  d u r i n g  t h i s  
s t u d y  w e r e
a n a l y z e d  
b y  l i n e a r  r e g r e s s i o n  
t o  d e t e r m i n e  
t h e  r e l a t i o n s h i p
b e t w e e n  n i t r a t e  
c o n t e n t  
a n d  d e p t h  t o  t h e  
g r o u n d w a t e r  
r e s e r -
v o i r .  
T h e  
c o r r e l - a t i o n  e o e f f i c i e n t  
o b t a i n e d ,  
- 0 , 0 9 5 '  
i n d i c a t e s
:
9 4
n o n - s i g n i f i c a n t  
c o r r e l a t i o n  
a t  
t h e  
J  
p e r c e n t  
l e v e 1 .  
T h i s
n o n - s i g n i f i c a n t  
c o r r e l a t i o n  
s u g g e s t s  
t h a t  
t h i c k n e s s  o f  
t h e
u n s a t u r a t e d  
z o n e  
i s  n o t  
a n  
i m p o r t a n t  
s i n g l e  f a c t o r  
d e t e r -
n i n i n g  
n i t r a t e  
c o n t e n t  
i n  
w e l l  w a t e r .
I n  
s o m e  
c a s e s '  
n i t r a t e  I e v e 1 s  
i n  
g r o u n d w a t e r  
s a m p l e s
a r e  d e p e n d e n t  
u p o n  t h e  t y p e  o f  
w e l l  
c o n s t r u c t i o n '  i n c l u d i n g
t h e  
d e p t h  
o f  t h e  
w e l l - .  
G e o r g e  
a n d  
H a s t i n g s  
( 1 9 5 1 )  
f o u n d
t h a t  s h a l l o w  
w e 1 l s  w e r e  
m o r e  1 i k e 1 y  t o  
y i e l d  
h i g h - n i t r a t e
w a t e r  
t h a n  d e e p  
w e l l s .  
L a r s o n  a n d  H e n l e y  
( 1 9 6 6 )  
h a v e  r e -
p o r t e d  
t h a t  
i n  I l l i n o i s  
h i e h  
n i t r a t e  c o n c e n t r a t i o n  
i s  
m o r e
I i k e l y  
t o  b e  
f o u n d  i n  
s h a l l o w  
w e I l s  w i t h  
d e p t h s  o f  
5 A  
f e e t
o r  l e s s .  
S m i t h  
( t g 6 Z )  
c o n c l u d e d  t h a t  i m p r o p e r l y  c o n s t r u c t e d ,
s h a l l o w  w e I l s  
a r e  a  m a i n  s o u r e e  
o f  c o n t a m i n a t i o n  i n  
M i s s o u r i .
l V a " l . l < e r  
( f 9 6 9 )  
f o u n d  
t h a t  
i n c i d e n t s  o f  
n i t r a t e  
c o n t a m i n a t i o n
w e r e  
e o m m o n  
i n  
s h a l l o w ,  d u g  
w e l l s  
l i n e d  
w i t h  
u n c e m e n t e d
b r i c k .  
$
I m p r o p e r  
w e l l  
c o n s t r u c t i o n  
i s  
a  
c o n t r i b u t i n g  f a c t o r  
t o
i n c r e a s e d  n i t r a t e  
c o n t e n t s  
i n  
w e l l  w a t e r  
i n  
H a l l  
C o u n t y ,
D u r i n g  f i e l d  
i n v e s t i g a t i o n s  
i n  
M a r c h  
L 9 7 2  i m p r o p e r  c o n s t r u c -
t i o n  a n d  
l o c a t i o n  
w a s  
f o u n d  t o  
b e  a  
p r i m a r y  
c a u s e  
o f  t h e
h i g h  
n i t r a t e  l e v e l s  
i n  
s o m e  
w e l l s ,  
F o r  e x a m p l e n  a  d o m e s t i c
w e l l  
i n  
9 N - 1 0 W - 1 1  
w a s  
l o c a t e d  
i n  t h e  c e n t e r  o f  a  s m a I l  d e -
p r e s s i o n ,  
A  
p o n y  
w a s  
t i e d  n e a r y b y ,  
a n d  
d r o p p i n g s  
w e r e
a b u n d a n t  
n e a r  t h e  
w e 1 l ,
D a t a  
e o l l e c t e d  
f o r  t h i s  s t u d y  
w e r e  
s t a t i s t i c a l l y  
a n a -
l y z e d  
t o  
d e t e r m i n e  
t h e  r e l a t i o n  
b e t w e e n  
n i t r a t e  
c o n c e n t r a t i o n
i n  
w e l - 1  
w a t e r  
a n d  w e l l  
d e p t h .  L i n e a r  r e g r e s s i o n  
a n a l y s i s  
o f
9 5
d a t a  
f o r  1 1 0  
w e 1 l s  
s a m p l e d  
i n  
f i a l l  
C o u n t y  i n d i c a t e d  
a  s i g -
: r i f i c a n t  c o r r e l a t i o n  
a t  t h e  
J  
p e r c e n t  
1 e v e l .  
T h i s  
s i g n i f i -
c n n ' t  c o r r e l a t i o r 1  
\ { a s  
e x p e c t e d  
b e c a u s e  
t h e  
w e l l  
d a t a  a n a l y z e d
i n c l u d e d  
d a t a  
f o r  
m a n y  
w e l l s  
l o c a t e d  i n  u p l a n d  
a r e a s  
w h e r e
c h : r r r c e s  
f o r  
l o w - r r i t r a t e  
w a t e r  
a r e  e x c e l l e n t  a n d  
w h e r e  
t h e
w c l . l " i i  B r t r  
r i n c p ,  
I ' b  
w n s  
e x p o c t r . . t l  
t h a t  t h l s  
r e . ' l . n ' t i  
o t r n h _ i  
p
w o u l . r i  b i a " s  
t h o  d a - b a ,  o r 1  
a  
c o u n ' b y - w l d e  
b a s i - s ,  t o  
s h o w  
t h a t
w a t e r  
f r o m  d e e p e r  
w e l 1 s  
c o n t a i n s  l o w e r  n i t r a t e  c o n c e n t r a -
t i  o n s  ,
I n  o r d e r  
t o  m i n i m i z e  
t h i s  
b i a s  
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Figure 12. Relotion of olkolinity to hordness in Holl County.
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n i t r a t e  
c o n c e n t r a t i o n  
d r o p p e d  
t o  
1 8
J a n u a r y  
L 9 6 l + .  A  s a m p l e  
c o l l e c t e d  f o r  
t h i s  
s t u d y
L 9 ? t  c o n t a i n e d  
a p p r o x i m a t e l y  
L 6  
n g / t  
o f  
n i t r a t e .
i n d i e a t e  t h a t  t h e  
n i t r a t e  c o n t e n t  i n  t h e  v i c i n i t y  o f  t h i s
r v e 1 l  
h a s  
i n c r e a s e d  
o n l y  
s l i g h t l y  s i n e e  
1 9 4 8 r  o r r  t h e  o r d e r
. E
o f  
s e v e r a l  
m i l l i g r a m s  
p e r  
l i t e r  o f  n i t r a t e .  T h i s  i n c r e a s e
i s  
p r o b a b l y  
n o t  s i g n i f i c a n t  
b e c a u s e  s e a s o n a l  
f l u c t u a t i o n s
m a y  b e  
s e v e r a l  
m i l l i g r a m s  
p e r  
l i t e r .  
I n c o n s i s t e n c i e s  
i n
s a m p l i n g  
a n d  
l a b o r a t o r y  
p r o c e d u r e s  
m u s t  a l s o  b e  
c o n s i d e r e d
w h e n  
e v a l u a t i n g  
i h e s e  
d a t a ,
I t  
m a y  
b e  c o n c l u d e d  
f r o m  
t h e  
a v a i l a b l e  
d a t a  
t h a t  t h e r e
a p p e a r s  
t o  
b e  
n o  s i g n i f i c a n t  
r e g i o n a l  
i n c r e a s e  i n  
n i t r a t e
c o n c e n t r a t i o n s  i n  
t h e  
g r o u n d w a t e r  
s u p p l i e s  
i n  H a I l  C o u n t y  
i n
r e c e n t  
J r e a r s .  
H o w e v e r ,  
i n  l o e a l  
a r e a s ,  s u c h  
a s  
i n  t h e  
v i -
c i n i t y  
o f  t h e  
a b o v e - m e n t i o n e d  W o o d  
R i v e r  
w e 1 1 ,  
h y d r o g e o l o g i c
c o n d i t i o n s  
a n d  
l a n d - m a n a g e m e n t  
p r a c t i c e s  
m a y  
c o n t r i b u t e  
t o
i n e r e a s e d  
c o n c e n t r a t i o n s  
o f  
n i t r a t e  a n d  
o t h e r  s a 1 t s .
l o 2
f h e  
f o u r  
o t h e r  
v t e l l - s  
s a m p l e d  
c o n t i n u o u s l y  
b y  
t h e  U . S .
G e o l o g i c a l  S u r v e y ,  
1 1 N - 1 1 1 { - 1 9 c c b ,  1 2 N - p W - B b c r  
1 2 N - ! W - 1 1 c c
a n d  1 2 N - 1 2 ' i l - 2 4 a b r  
h a v e  
y i e l d e d  
w a t e r  
o f  
1 o w  n i t r a t e  c o n t e n t ,
F o r  t h e  s a r n p l i . n g  
p o r i o r l ,  
n o n e  o f  t h e s o  
w e l l s  
s h o w e d  a n  
i n -
c r e a s i n g  
t r e n d  
i n  
n i t r a t e  
c o n c e n t r a t i o n .
T h e  U . S .  G e o l o g i c a l  S u r v e y  
h a s  
a n a l y z e d  
w a t e r  
s a m p l e s
c o l l e c t e d  
f r o m  
p u b l i c - s u p p l y  
w e l l s  
i n  t h e  C o r n h u s k e r  
O r d -
n a n c e  
P l a n t .  
l t r e 1 1  
I 1 N - 1 0 W - 2 0 b b  
( n o .  
) )  
w a s  
s a m p l e d  i n
n g / L  
i n
i n  
A u g u s t
T h e  
d a t a
. r . ! .
L 0 3
P H O S P } I A T E
P i r o s p h o r u s  i s  
p r e v a l e n t  
i n  n a t u r e  
b o t h  i n  t h e  o r g a n i c
a n d  
i n o r g a n i e  f o r m .  
P h o s p h o r u s ,  l i k e  n i t r o g e n ,  
i s  
a n
e s s e n t i - a l  n u t r i e n t  
r e q u i r e d  
t o  s u s t a i n  
g r o w t h  
o f  
p l a n t s ,
B e c a u s e  o f  
i t s  r o l e  i n  
a n i m a l  
a n d  
v e g e t a b l e  
m e t a b o l i s m '
p h o s p h o r u s  
i s  
a  
c y c l i c  
e L e m e n t l  t h e  
c o m b l n e d  
f o r m  
i s  
c o n -
t i n u a l l y  
c h a n g i n g  
b y  d e c o m p o s i t i o n  a n d  s y n t h e s i s .  
P h o s -
p h o r u s ,  
i n  
t h e  
f o r m  o f  
p h o s p h a t e ,  
i s  
p r e s e n t  
i n  
s e v e r a l
c o m m o n  
m i n e r a l s ,  
b u t  t h e  c o n c e n t r a t i o n  i n  
w a t e r  
i s  
l i m i t e d
b y  t h e  
r e l a t i v e  i n s o l u b i l i t y  o f  
p h o s p h a t e s  
o f  
t h e  a l k a l i n e
e a r t h s  
( B r o w n  
e t  a 1 . ,  1 9 7 0 ) ,  P h o s p h o r u s  
i s  
t h e  
p r i n c i p a l
n u t r i e n t  
c o n t r o l l i n g  t h e  f e r t i l i t y  
o f  n a t u r a l  
w a t e r s .
S m a l l  
i n c r e a s e s  i n  
p h o s p h o r u s  
c o n c e n t r a t i o n s  
s t i m u l a t e  t h e
g r o w t h  
o f  b l u e - g r e e n  a l g a e  a n d  o t h e r  
o r g a n i s m s  
( T a y l o r ,
L 9 6 ? ) ,
, ? 5
G e n e r a l  0 c c u r r e n c e  
i n  
S o i l
P h o s p h a t e  
i s  
f o r m e d  n a t u r a l l y  
i n  
s o i l s .  
T h e  t o t a l  
c o n -
t e n t  
i n  s o i l s  
i s  r e l a t i v e l y  
1 o w ,  
w i t h  
m a n y  e o n t a i n i n g  b e -
t r v e e n  0 , O Z  a n d  
0 , 0 8  
p e r c e n t  p h o s p h o r u s ,  
T o t a 1  
p h o s p h o r u s
i s  u s u a l l y  
h i g h e s t  
i n  
t h e  
s u r f a c e  
s o i l  a n d  
l o w e s t  i n  t h e
l o v r e r  
A  
o r  u p p e r  B  h o r i z o n s  a s  a  
r e s u l t  o f  
c y c l i n g  
b y  
g r o w i n g
p l a n t s .  
T h e  
p r o p o r t i o n  
i n  
a n  
o r g a n i c  f o r m  
v a r j - e s  w i d e l y
b u t  i s  e o n s i d e r a b l y  
l e s s  t h a n  h a l f  i n  m o s t  s o i l s .  P h o s -
p h o r u s  
r e l e a s e d  
i n  
t h e  s o i l  o r  a p p l i e d  
t o  t h e  s o i l  
i n  
a
s o l u b l e  
f o r m  
e o m b i n e s  
p r i m a r i l y  
w i t h  t h e  
c l a y  f r a c t i o n
( p n i f t i p s  
a n d  
W e b b ,  
L g ? L ) ,  
P h o s p h o r u s  
i m m o b i l i t y  i s  d u e  t o
i t s  s t r o n g  
a d s o r p t i o n  
b y  
f i n e l y  d l v i d e d  m i n e r a l  s o i l
r t
1 0 4
p a r t i e l e s  
( T a y l o r ,  
L 9 6 ? )  ,
T h e  
i n o r g a n i c  
f o r m s  o f  
p h o s p h o r u s  
a r e  
p r i m a r i l y  
i r o n
a n d  a l u r a i n u m  
p h o s p h a t e s  
i n  a c i d  s o i l s  a n d  
c a l e i u m  
p h o s -
p h a t e s  
i n  
a l k a l i n e  
s o i 1 s .  A l l  
i n o r g a n i c  f o r m s  
o f  
p h o s p h a t e
i n  s o i l s  
a r e  e x t r e m e l y  
i n s o l u b l - e .  
A n y  
p h o s p h o r u s  
a d d e d  a s
f e r t i l i z e r  
o r  r e l e a s e d  b y  d e c o m p o s i t i o n  
o f  
o r g a n i c  
n a t t e r
i s  
q u i c k l y  
c o n v e r t e d  t o  
o n e  o f  t h e s e  
i n s o l u b l e  
f o r m s .  B e -
c a u s e  o f  t h e  e x t r e m e  
i n s o l u b i l i t y  o f  
t h e s e  
p h o s p h a t e s ,  
t h e
o v e r a l l  
c o n e e n t r a t i o n  
o f  s o l u b l e  
p h o s p h o r u s  
i n  t h e  s o i l
s o l u t i o n  
o f  s u r f a e e  
s o i l s  s e l d o m  
e x c e e d s  0 . 2  n g / t  
( B i g g a r
a n d  C o r e y ,  
1 9 6 9 ) .
M a n y  
s o i l s  
a r e  e a p a b l e  
o f  f i x i n g  
l a r g e  
q u a n t i t i e s  
o f
p h o s p h o r u s ,  
t h u s  m a k i n g  
i t  u n a v a i l a b l e  
t o  
p l a n t s  
a n d  
w a t e r .
T h e  
p r o c e s s e s  
o f  
p h o s p h o r u s  
f i x a t i o n  
i n c l u d e r  
( 1 )  
a d s o r p -
t i o n t  
( 2 )  
r e p l a e e m e n t  
r e a c t i o n s  w h i e h  
m a y  
i n v o l v e  c h a n g e s
i n  t h e  m i n e r a l  
c r y s t a l l i n e  
s t r u c t u r e s  
a n d  
( f )  
p r e c i f r i t a t i o n
r e a c t i o n s  
t h r o u g h  w h i c h  
t h e  s o l u b l e  
p h o s p h a t e s  
r e a c t  
w i t h
i r o n ,  a l u m i n u m  
o r  c a l c i u m  
t o  f o r m  
i n s o l u b l e  c o m p o u n d s .  
T h e
p h o s p h o r u s  
f i x a t i o n  
c a p a c i t y  
o f  s o i l s  
i s  
a s  h i e h  
a s  
B , 0 0 0
p o u n d s  
o f  
p h o s p h o r u s  
p e r  
a e r e  
t o  
a  d e p t h  
o f  
5  
i n c h e s .  T h e
s u r f a c e  
s o i l s  
g e n e r a l l y  
h a v e  
t h e  
g r e a t e s t  
f i x l n g  c a p a c i t y
( P o 1 t a ,  
L 9 6 9 ) ,
E x p e r i m e n t a l  
d a t a  
c o l l e c t e d  
b y  H e s l e p  
a n d  B l a c k  
( t g S U )
s u g g e s t  
t h a t  
t h e  e x t e n t  
o f  
p h o s p h o r u s  
d i f f u s i o n  
i s  c o n s i d . -
e r a b l y  
m o r e  
l i m i t e d  
i n  c a l c a r e o u s  
s o i l s  
t h a n  
i n  
a e i d  
s o i 1 s .
L e w i s  
a n d  R a c z  
O g e g )  
f o u n d  
t h a t  
t h e  e x t e n t  
o f  
p h o s p h o r u s
m o v e m e n t  
i n  
t h e  n o n c a l c a r e o u s  
s o i l s  
s t u d i e d  w a s  g r e a t e r  
t h a n
, l - l
1 0 5
i n  
t h e  c a l c a r e o u s  s o i l s  
r e s a r d l e c s  o f  
t h e  s o u r c e s  
o f  
p h o o -
p l r o r u s .  
T h o y  
s u f l g e s t e d  
t h a t  
i t  i s  
p r o b a b l e  
t h a t  
t h e  h l q h
p l i  
; l n d  
l " n r g o  
n r n o u n t s  
o f  c a l c l t r m  
a n r l  m a g n e s l u m  l n  
t h o  r u o i I
r o s : u l t c d  
i n  a r a p i d  
p r e c l p l t a t l o n  
o f  
a  l a r g g c  
p o r t l o n  
o f  t h e
a r l d e d  
p h o s p h o r u s  
v e r y  
e l o s e  t o  t h e  f e r t i l i z e r  
p e I I e t  
s i t e ,
T h e r e  
l s  c o n f l i c t i n g  e v i d e n c e  i n  t h e  l i t e r a t u r e  e o n -
c c r n i n g  
t h e  
v e r t i e a l  r n o v e m e n t  
o f  
p h o s p h a t e  
b e y o n d  t h e  r o o t
z c n e  a n d  
t o  t h e  
w a t e r  
t a b l e ,  
S o m e  
i n v e s t i g a t o r s  
h a v e  r € -
p c r i ; e d  
n e g l i g i b l e  v e r t i c a l  m o v e m e n t r  
a n d  
o t h e r s  
h a v e  r e -
p o r t e d  
s i g n i f i c a n t  v e r t i c a l  
m o v e m e n t  
o f  
p h o s p h a t e  
i n  
s o i l s .
S e v e r a l  
i n v e s t i g a t o r s  
h a v e  r e c o g n i z e d  t h a t  
a  s i g n i f i -
c a n t  a m o u n t  
o f  
p h o s p h a t e  
i s  l e a c h e d  b e l o w  t h e  r o o t  
z o n e  
i n
p e r m e a b l e ,  
s a n d . y  s o i l s ,  O z a n n e  
g j  
4 .  
( f g e f  
)  
f o u n d  t h a t
l o s s e s  
f r o m  t h e  
t o p  
& - i n c h  
l a y e r  
o f  
s o i 1 ,  
p r i m a r i l y  
s a n d y
l o a r n s r  
r o f l g e d  f r o m  1 7  t o  8 1  
p e r c e n t  
o f  
t h e  a p p l i e d  
p h o s -
p h o r u s .  
T h e y  
c o n c l u d e d  
t h a t  s o i l s  
t h a t  r e a d i l y  
l o $ e  a p p l i e d
p h o s p h a t e  
w e r e  
a l l  
l o w  i n  t o t a l  n a t i v e  
p h o s p h o r u s  
c o n t e n t ,
c o n t a i n e d  1 i t t l e  
i r o n  
o r  a l u m i n u m ,  a n d  
w e r e  
h i g h l y  
p e r m e a b l e .
s t e p h e n s o n  
a n d  
C h a p m a n  
( 1 9 3 1 )  
a n d  
H i n g s t o n  
( L 9 5 9 )  
a l s o
f o u n d  
t h a t  
p h o s p h o r u s  
m o v e d  b e l o w  
p e r m e a b l e  
s u r f a c e  s o i I s .
S e v e r a l  
i n v e s t i g a t o r s  h a v e  
i n d i c a t e d  
t h a t  
t h e r e  
i s  i n -
s i g n i f i c a n t  
d o w n w a r d  m o v e m e n t  
o f  
p h o s p h a t e  
b e l o w  t h e  
r o o t
a o : " ] . n  
i n  s o i I s ,  
A  
l y s i m e t e r  e x p e r i m e n t  
o n  
a  L , a k e l a n d  
s a n d
( , q f : - i s o n  
e t  
& f  
. ,  
1 9 5 9 )  s h o r v e d .  
n o  l e a c h i n g .  
S o i l s  
t h a t  r e -
c r : j . r r € d  
p h o s p h o r u s  
f e r t i L i z e r  
l o s t  
l e s s  
p h o s p h a t e  
t h a n  u n f e r -
i i l i . z e d  
s o i l s .  
J o h n s t o n  
e t  a I .  
t : . - 9 6 5 )  
f o u n d  
t h a t  
p h o s p h o r u s
l - o s ; s e s  
f r o m  
t i l e  d r a i n a g e  s y s t e m s  
i n  t h e  S a n  
J o a q u i n  
V a 1 1 e y
1 0 6
o f  C a l i f o r n i a  
w e r e  
n o t  
s i g n i f i c a n t .  
T h e  r a n , q e  o f  
p h o s -
p l r o r u s  
i n  
t h e  t i l e  d r a i n a g e  
e f f l u e n t  
w a s  
0 . 0 5 3  t o  
0  , 2 3
m g l l ,  w i t h  
a  
r v e i g h t e d  a v e r a g e  
o f  
O . O ? 9  
m S / L  
I ' l o r e  r e c e n L 1 y ,
G l a n d o n  
( t g Z t )  
e s t i m a t e d  t h e  
a v e r a g e  
p h o s p h a t e - p h o s p h o r u s
c o n c e n t r a t i o n  i n  
t h e  t i l e  
d r a i n a g e  s y s t e m s  
o f  t h e  
s a r n e
l o c a l i i y  t o  
b e  O . 0 9  n g / t .  
O t h e r  i n v e s t i g a t o r s  
t h a t  
f o r r n r l
i n s i . g n i f i c a n t  d o w n w a r d  
m o v e m e n t  
o f  
p h o s p h a t e  
i n  
s o i l s  
i n -
c l - u c i e  
S c a r s e t h  
a n d  
C h a n c l l e r  
( f 9 l g ) ,  
M o r g a n  a n i l  
J a c o b s o n
( 1 9 4 2 )  
a n d  P r a t t  
e t  a r ,  
( L 9 5 6 ) ,
A  s i g n i f i c a n t  
a m o u n t  
o f  
p h o s p h o r u s  
i s  
r e m o v e d  f r o m  
t h e
s o i l  b y  
c r o p p i n g  
b e c a u s e  
i t  
i s  
o n e  
o f  
t h e  
t h r e e  
m a j o r  
e l e -
m e n t s  r e q u i r e d  
f o r  m a i n t a i n i n g  
t h e  f e r t i l i t y  o f  
a g r i c u l t u r a l
l a n d s .  
S c a r s e t h  
a n d  
C h a n d l e r  
( 1 9 3 8 )  
r e p o r t e d  t h a t  c r o p s
r e m o v e d  
1 0 6  
p o u n d s  
o f  
p h o s p h o r u s  
p e r  
a c r e  d u r i n g  a  
2 6 - y e a r
p e r i o d .  
P h i l l i p s  
a n d  
W e b b  
( t g Z t )  
n o t e d  t h a t  
b e c a u s e  o f  i t s
i m m o b i l j - t y  
i n  t h e  s o i l ,  
l o s s  
o f  
p h o s p h o r u s  
f r o m  t h e s p r o f i l e
i s  s m a I l  e x c e p t  f o r  
c r o p  r e m o v a l .
' v l a t e r  
e r o s i o n  
i s  
a n  
e f f e c t i v e  a g e n t  
f o r  t h e  r e m o v a l  o f
p h o s p h o r u s  
c o m p o u n d s  
f r o m  
t h e  
s o i l .  S i n c e  
p h o s p h o r u s  
t e n d s
i o  
b e  
c o n c e n t r a t e d  
i n  
t h e  
s u r f a c e  s o i 1 ,  
i t  
i s  s u s c e p t i b l e  
t o
' l  
o s s  b 1 r  
e r o s i o n  
o f  c l a y  a n d  
o r g a n i c  m a t t e r  
( B a r r o w s  
a n d
K i l m e r ,  
1 9 6 ) ;  P h i l l i p s  
a n d  
W e b b ,  
1 9 7 ] ) .
S e v e r a l  
s t u d i e s  
h a v e  s h o v r n  
t h a t  
p h o s p h o r u s  
l o s s e s  f r o m
c r o p l a n d  
a r e  c a u s e d  
a l m o s t  e n t i r e l y  
b y  e r o s i o n "  
S t u d i e s  
b y
S c a r s e t h  
a n d  C h a n d l e r  
( f 9 l . q )  
i n d i c a t e d  t h a t  
6 O  
t o  8 2  
p e r c e n t
o f  
t h e  
p h o s p h a t e  
a p p l i e d  
t o  
a  
f i n e  
s a n d y  
l o a m  
s o i l  
i n  A l a -
b a m a  
o v e r  
a  
p e r i o d  
o f  
2 6  
y e a r s  
w a s  
c a r r i e d  
a w a y  w i t h  
t h e
' . t '
1 l , ?
c l a 1 r  f r a c t i o n s  i n  
e r o d . e d .  
m a t e r i a l .  
P r a t t  
a n r l  C h a p m a n  
( L 9 6 L ) '
a s  a  
r e s u l t  o f  
a  
2 O - y e a r  
l y s i m e t e r  
s t u d y ,  
d e t e r m i n e d  
t h a t  
t h e
a v e r a g e  d e p l e t i o n  o f  
p h o s p h o r u s  
f r o m  t h e  
s o i l  
w a s  L 5 , 9  
p o u n d s
o f  
p h o s p h o r u s  
p e r  
a e r e  
p e r  
y e a r .  
R e s e a r c h  
c o n d u c i e d  
b y
M i l l e r  
a n d  K r u s e k o p f  
( t g ) Z ) ,  
R o g e r s  
( f 9 + f  
)  
a n d  T j . m m o n s  
e t  
a l .
( f g e g )  
a l s o  
r e v e a l e d  
a p p r e c i a b l e  l o s s e s  
o f  
p h o s p h o r u s  b y
e r o s i  o n .
G e n e r a l  
0 c c u r r e n c e  1 n  
W a t e r
T h e  m o s t  
p r o b a b l e  
s p e c i e s  
o f  
p h o s p h o r u s  
l n  
n a t r r r a l  
w a t e r
a p o e a r s  
t o  
b e  
p h o s p h a t e  
a n i o n s ,  
c o m p l e x e s  
w i t h  
m e t a l  
i o n s  
a n d
e o l l o d i a l  
p a r t i c u l a t e  
m a t e r i a l  
( H e m ,  
1 9 7 0 ) .  D i s s o l v e d  
p h o s -
p h o r u s  
m a y  
e x i s t  i n  
a q u e o u s  s o l u t i o n  a s r  
o r t h o p h o s p h a t e ,
i n o r g a n i c  
l i n e a r  c o n d e n s e d  
p h o s p h a t e s ,  
i n o r g a n i c - r i n g  
c o n -
d e n s e d  
p h o s p h a t e s p  
o r g a n i c  
o r t h o p h o s p h a t e s  
a n d  o r g a n i c  
c o r -
d e n s e d  
p h o s p h a t e s  
( T a s k  
G r o u p  
2 5 1 0 - P  
R e p o r t ,  f 9 7 0 )  
!
0 r t h o p h o s p h a t e  
i s  t h e  
m o s t  
c o m n o n  
i o n i z e d  f o r m  
o f  
p h o s -
p h o r u s  
i n  
w a t e r  
a n d  t h e  o n l y  o n e  
d e r i v e d  
f r o m  
n a t u r a l  
s o L l f , c € s r
O r t h o p h o s p h a t e s  
l n c l u d e  
t h e  
t h r e e  
i o n i z a t i , o n  
p r o d u c t s  
o f
p h o s p h o r i c  
a c i d ,  H z P o [ ,  H P 0 f z  
a n d  P O [ ]  
( B r o w n  
e t  
a l . ,  \ 9 ? o ) ,
T h e  d i s t r l b u t i o n  
o f  
t h e  s e v e r a l  i o n i c  
f o r m s  
o f  o r t h o p h o s p h a t e
o r  o f  t h e  
c o n c l e n s e d  
p h o s p h a t e s  
i n  s o l u t i o n  l s  
g o v e r n e d  
b y  
p H .
T h e  
p r e d o m i n a n t  
d i s s o l v e d  
o r t h o p h o s p h a t e  
s p e c i e s  o v e r  t h e  
p H
r a n s e  
5  
t o  
p  
a r e  H 2 P O 4  a n d  H P 0 4  
( T a s t <  
G r o u p  
2 6 1 0 - P  
R e p o r t ,
1 9 7 0 ) .  T h e  i n o r g a n i c  
c o n d e n s e d  
p h o s p h a t e s  
a r e  
g r a d u a l l y
h y d r o l y z e d  
i n  
a q u e o u s  s o l u t i o n  
a n d  f i n a l l y  
r e v e r t  t o  t h e
o r t h o  f o r m  
( T a s k  
G r o u p  
2 6 1 0 - P  




O c c u r r e n c e r  
D i s t r i b u t i o n ,  
a n d  S o u r c e s  
i n  
H a } l  
C o u n t y
P h o s p h a t e  
c o n c e n t r a t i o n  i n  
g r o u n d w a t e r  
t h r o u g h o u t  
H a l I
C o u n t y  
i s  r e l a t i v e l y  1 o w ,  r a n g i n g  f r o m  t r a c e  a m o u n t s  t o
L , ?  
n g h  
( p I .  
1 1 ) .  T w o  
a r e a s  
o f  i n c r e a s e d .  
p h o s p h a t e  
c o n c e n -
t r a t i o n ,  
g r e a t e r  
t h a n  
0 , 5  n g f t '  a r e  
p r e s e n t  
i n  
H a l - l  C o u n t y .
P h o s p h a t e  
c o n t e n t  
i n  
s t r e a m  
w a t e r  
i s  m o r e  v a r i a b l e  t h a n  i n
g r o u n d w a t e r r  
r a n g i n g  f r o m  a  
t r a c e  
a m o u n t  
t o  1 6  
n g / l  
( p 1 .  
1 1 ) .
B e c a u s e  p h o s p h o r u s r  
l i k e  n i t r o g e n ,  
i s  
a  m a j o r  n u t r i e n t r
t h t l  s i - , q n i . f " l c a n t  
s i o u r c e s  
o f  
p h o s p h a t e  
1 n  t h o  
g r o u n c l w a . t e r  
i n
I I a I I  
C o u n t y  
a r e  c s s e n t l a l l y  
t h e  
s a m e  
a s  t h o s e  f o r  n i t r a t e .
T h e s e  s o u r : e e s  
i n c l u d e I  
p r e c i p i t a t i o n ,  
s o l l ,  
f e o d l o t  
w a s t e r
c o m m e r c i a l  
f e r t i l i z , e r ,  s e p t i c - t a n k  
e f f . l u e n t ,  . l n d u s t r i a l .
w a s t e ,  
a n r l  
s e e p a g e  
o f  
m u n i c i p a l  w a s t e  
f r o m  
s t r e & [ r s o
S e i m  
e t  
a l ,  
( t 9 7 2 )  
r e p o r t e d  t h e  r e s u l t s  
o f  e h e m i c a l
a n a l y s i s  
o f  
p r e c i p i t a t i o n  
s a m p l e s  f o r  a  
y e a r  
f r o m  
f i v e  s i t e s
i n  
N e b r a s k a .  
T h e  
p h o s p h o r u s  
c o n c e n t r a t i o n s  
r a n g e d  
- * f r o m  
O
t o  
0 , 8  n € t / L  
o r  
O  
t o  
2 , 4  
n g f t  
o f  
p h o s p h a t e .  
N o  
d i s t i n c t
p a t t e r n  
o f  
p h o s p h a t e  
l e v e l s  
i n  t h e  
p r e e i p i t a t i o n  
i n  
r e l a t i o n
t o  
g e o q r a p h y  
o r  s e a s o n  
w a s  
a p p a r e n t .  A l t h o u g h  
n o  d a t a
a r e  
a v a i l a b l e  
f o r  H a l l  
C o u n i y ,  
i t  i s  a s s u m e d  
t h a t  
p h o s p h a t e
c o n c e n t r a t i o n s  
i n  
p r e c i p i t a t i o n  
f a l l i n g  o n  t h e  s t u d y  
a r e
w i t h i n  
t h e  
r a n g e  
r e p o r t e d .  b y  
S e i m  
e t  
a I ,  
( 1 9 ? 2 ) ,
P h o s p h o r u s  
m a y  
a c c u m u l a t e  
n a t u r a l l y  
i n  c e r t a i n  
s o i l s r
a n d  
i n c r e a s e d  s o i l  
m o i s t r . l r e  
m a y  l e a c h  
t h i s  
p h o s p h o r u s  
b e l o w
t h e  r o o t  z o n e .  G l a n d o n  
( t g f t )  
a t t r i b u t e d  
h i g h  I e v e 1 s  
( 0 , 6 9
n g / I )  
o f  
p h o s p h o r u s  
i n  e f f l u e n t  
f r o m  
t i l e  d r a i n a g e  s y s t e m s
t o  
i n d i g e n o u s  
c o n c e n t r a t i o n s  
i n  
c e r t a i n  
s o i l s  m a d e  a v a i l a b l e
' n .
r 0 g
b y  
a n a e r o b l c  s o i l  c o n d i t i o n s ,  
T h e  T u l a r e  L a k e  s o i l  
s e r i e s
i n  t h e  
S a n  
J o a q u i n  
V a 1 1 e y ,  
C a l i f o r n i a  c o n t a i n s  
a b u n d a n t  
s h e l l
f r a g m e n t s .  A n a e r o b i c  c o n d i t i o n s ,  i n d i c a t e d  
b y  t h e  
p r e s e n c e
o f  
h y d r o g e n  s u l f i d e  
B ? s r  
i n  e f f e e t  
l o w e r  t h e  
s o i l  
p H  w h i c h
r e s u l t s  
i n  
a c l d i c  
c o n d i t i o n s  
w i t h i n  
t h e  s o i l  
a n d  
a  
c o n s e -
q u e n t  
r e l e a s e  o f  
p h o s p h a t e s .  
S e l m  
e t  
a l ,  
( t g ? Z )  
f o u n d  l a r g e
q u a n t i t i e s  
o f  
p l a n t - a v a i l a b l e  p h o s p h o r u s  
t h r o u g h o u t  t h e  
d e e p
p r o f i l e s  
o f  m o s t  s i t e s  s t u d i e d  i n  
N e b r a s k a .
N a t u r a l  
c o n d i t i o n s ,  
p r i n e i p a l l y  p h y s i c a l  
a n d  c h e m i c a l
p r o p e r t i e s  
o f  s o i l s ,  
a r e  
p r i m a r i l y  
r e s p o n s i b l e  f o r  
t h e  
p h o s -
p h a t e  
c o n t e n t  i n  t h e  
g r o u n d w a t e r  
s y s t e m  i n  
H a I 1  C o u n t y ,  
T h e
p h o s p h a t e  
c o n e e n t r a t i o n  
i n  
g r o u n d w a t e r  
i s  m o d e r a t e l y  
h i g h '
0 , 5  n \ / t  o r  m o r e ,  
i n  t h e  
v i c i n i t y  
o f  t h e  
W o o d  
R i v e r  i n  t h e
w e s t e r n  
h a l f  o f  H a I l  
C o u n t y  w h e r e  
d e e p  
s i l t y  s o i l s  o f  t h e
H o r d - H a l l  
A s s o e i a t i o n  a r e  
p r e s e n t ,  
T h e  s u r f a c e  
s o i l s  a r e
s l i g h t l y  
a e i d  
t o  m e d i u m  a c i d ,  t h e  s u b s o i l s  
a r e  s l i g h t L y  a c i d .
a n d  t h e  
s u b s t r a t a  a r e  s l i g h t l y  a c l d  t o  s l i g h t l y  a l k a l i n e .
A 1 l  
s o i l s  
o f  t h l s  
a s s o c i a t l o n  
a r e  
w e l l  
d r a i n e d  
( Y o s t  
e t  a l . ,
1 9 6 2 ) .  
B e c a u s e  
s i g n i f i c a n t  m o v e m e n t  o f  
p h o s p h o r u s  
i n  
s o i l s
i s  m o s t  
p r e d o m i n a n t  
i n  
w e l l - d r a i n e d ,  
n o n c a l c a r e o u s ,  a c l d
s o i l s  t h a t  
r e c e i v e  l a r g e  
a m o u n t s  
o f  
w a t e r  
a n d  
f e r t i l i z , e r ,
n a t u r a l l y  o c c u r r i n g  
a s  w e l l  
a s  a p p l i e d  
p h o s p h a t e s  
m a y  b e
r n o v i n g  
t h r o u 6 l h  H o r d - H a l l  s o i l s  
t o  t h e  
g r o u n d w a t e r  
r e s e r v o i r ,
T h i s  
h y p o t h e s i s  
c a n n o t  
b e  e v a l u a t e d  b e c a u s e  
n o  
p h o s p h a t e
a n a l y s e s  
o f  H o r d - H a l 1  
p r o f i l e s  
i n  
H a } l  C o u n t y  h a v e  b e e n
m a d e  
"  
L o s s  
o f  
p h o s p h a t e  
f r o m  s o i l s  
o f t e n  
o c c u r s  i n  
a r e a s
m a n t l e d  
b y  
p e r m e a b l e ;  
s a n d y r  a e i d  s o i l s  
w h i c h  











t e n d e n c y  
t o  r e a c t  
w i t h  
p h o s p h o r u s .  
S i m i l a r  
c h a r a c t e r i s t i c e
o f  s o i l s  
i n  t h e  s a n d  h i l l s  
r e g i o n  o f  H a 1 l  
C o u n t y  m a y  
b e
p a r t l y  
r e s p o n s i b l e  f o r  t h e  
h i g h  
p h o s p h a t e  
c o n c e n t r a t i o n  i n
t h e  
g r o u n d w a t e r  
s y s t e m  a s  
s h o w n  o n  
p l a t e  
1 1 .  T h i s  
a r e a  
i s
m a n t l e d  
b y  
s a n d y  s o i l s  
o f  
t h e  
V a l e n t i n e - T h u r m a n  
A s s o c i a t i o n
t v h i c h  
a r e  
c h a r a c t e r i z e d  b y  
r a p i d  
p e r m e a b l l i t y .  
T h e s e  s o i l s
a r e  
s l i g h t l y  
a c j . d  
t o  m e d i u m  a c i d  
( Y o s t  
e t  a } . r  
L 9 6 2 ) ,
B e c a u s e  
o f  
t h e  
p h y s i c a l  
a n d  
c h e m i e a l  
p r o p e r t i e s  
o f  t h e s e
s o i I s ,  
? n } r  
p h o s p h a t e  
w h i c h  
a c c u m u l a t e s  
i n  t h e  
s u r f a c e  s o i l
o r  
i s  a p p l i e d  
i n  t h e  
f o r m  o f  
c o m m e r c i a l  
f e r t i l i z e r  o r  m a n u r e
m a y  
b e  
r e a d i l y  
l e a c h e d  
b y  
i n f i l t r a t i n g  
p r e c i p i t a t i o n .
F e e d l o t  w a s t e  
a n d  
r u n o f f  a r e  s o u r c e s  
o f  
p h o s p h a t e  
i n
r v a t e r .  
f a i . g a n i d e s  
a n d  H a z e n  
Q g A S )  
r e p o r t e d  
t h a t  
t h e  
p Z O s
c o n t e n t  
i n  
e a t t l . e  m a n u r e  
( p e r  
1 0 0 0  
p o u n r i s  
L l v e  w e l g h t )  
i s
0 . 1 1  
p o u n d s  
p e r  
d a y  
o r  4 1  
p o u n d s  
p e r  y e a r .  
G i l b e r t s o n  
g !  
g ! .
( t g l O )  
f o u n d  
t h a t  r a n g e s  
o f  
p h o s p h a t e  
c o n c e n t r a t i o n : r i n  
f e e d -
l o t  
r u n o f f  
f o r  
w i n t e r  
a n d .  
r a i n f a l l  
r u n o f f  
w e r e  
6 , 8  
t o  
? 5 j
n g / t  a n d  
1 J . p  t o  4 6 ,  
6  n g / L ,  
r € s p € c t i v e l y . N i n e t y - o n e  
f e e d l o t
t h a t  
p h o s p h o r u s
r u n o f f  
s a m p l e s  
f r o m  
t e n  s t o r m s  
i n d i c a t e d
c o n t e n t s  
r a n g e d  f r o m  
0  t o  
? ? l  
n g / t  a n a  
a v e r a g e d  
3 8 . B  
n g / L
( S w a n s o n  
e t  a L . ,  
1 9 ? 1 ) .
T h e  
l i m i t e d  
d a t a  
e o l l e c t e d  
f o r  
t h i s  s t u d y  a r e  
i n a d e q u a t e
t o  
q u a n t i t a t i v e l y  
e v a l u a t e  
t h e  c o n t r i b u t i o n  
o f  f e e d . l o t  
w a s t e
t o  
p h o s p h a t e  
c o n c e n t r a t i o n s  
i n  t h e  
g r o u n d w a t e r  
r e s e r v o i r  
i n
H a l 1  
c o u n t y .  
T h e  a v a i l a b l e  
d a t a  
s u g g e s t  
t h a t  f e e d l o t  
w a s t e
i s  n o t  
a  
s i g n i f i c a n t  
s o u r c e .  
S u r f a c e  
s o i l s  
f i x  
l a r g e  
q u a n -
t i t i e s  
o f  
p h o s p h a t e  
r e l e a s e d  
f r o m  
f e e d l o t  w a s t e ,  
a n d  a
, t i t
1 1 " 1
s i , " ; r r i { ' l c a n t  
p o r " t i o n  
l s  
l o s t  
v I a .  
s u r f a c e  r u n o f f  t o  
s t r e a m o ,
C o m p a r i s o n  
o f  
p l a t e s  
2  
a n d  
1 1  r e v e a l s  t h a t  t h e  c o r r e l a t i o n
b e t w e e n  
o c c u r r e n c e  
o f  
p h o s p h a t e  
a n d  f e e d l o t  s i t e s  
i s  
p o o r .
F o r  e x a m p l e ,  
w a t e r  
s a m p l e s  c o l l e c t e d  f r o m  t h r e e  
w e l I s  
n o t
l o c a t e d  n e a r  
f e e d l - o t s ,  1 0 N - 1 1 W - ! b e b ,  
1 1 N - 1 0 W - 2 p c b c  
a n d
1 2 1 ' { - l z W - Z l + a b d r  
c o n t a i n e d  h i g h  c o n c e n t r a t i o n s  o f  
p h o s p h a . t e
i n  1 9 7 1 .  l u l o s t  w a t e r  
s a m p l e s  
f r o m  
w e l l s  
l o c a t e d  n e a r  l a r g e
f e e d l o t s  
c o n t a i n e d  
l o w  
t o  
m o d e r a t e  
c o n c e n t r a t i o n s ,  
W e l l
9 N - 9 r { - B c c b  
y i e l d e d  
w a t e r  
c o n t a i n i n g  
0 , 0 5  n g / L  
o f  
p h o s p h a t e ,
i { a t e r  
f r o m  
w e l 1 s  
1 1 N - 1 0 W - l 4 b c c  a n d  1 2 N - 1 0 W - 2 5 d d d  c o n t a i n e d
0 , 2  n g / L  
o f  
p h o s p h a t e .
T h e  a p p l i c a t i o n  
o f  f e r t i l i z e r  
t o  f a r m  l a n d s  h a s  n o t
c a u s e d  
s i g n i f i c a n t  
p h o s p h a t e  
e n r i c h m e n t  o f  t h e  
g r o u n d w a t e r
r e s e r v o j - r  
i n  
H a l I  C o u n t } r  b e c a u s e  s o l u b l e  p h o s p h a t e  
i s  r e m o v e d
f r o r n  s o i l s  
i n  
s e v e r a l  w a y s .  
F e r t i l i z e r  i s  
e o m m o n l y  
a p p l i e d
d u r i n g  
t h e  
g r o w i n g  
s e a s o n  w h e n  
c r o p s  r e m o v e  s i g n i f i S a n t
a m o u n t s  
o f  n u t r i e n t s  
f r o m  t h e  s o i l .  P h o s p h a t e  a p p l i e d  t o
s o r l  
i s  
a l s o  
l o s t  
t h r o u g h  e r o s i o n  o f  
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A . ,  1 9 7 ? . r  
H o w
m u c h  
p o l l u t i o n  
f r o m  
f e r t i l i z e r s ? r  
U n i v ,  
N e b r a s k a ,  C o l l .
A g r i c u l t u r e  
Q u a r t e r l y ,  
v r  f B ,  i l o .  
4 ,  
p o  
2 A - 2 2 ,
S h a f f e  r ,  F .  
8 . ,  L 9 ? 2 ,  A v a i l - a b i l i t y  
a n d  u s e  o f  
w a t e r  
i n  
N e b -
r a s k a ,  t 9 ? A r  
U n i v '  
N e b r a s k a ,  
C o n s e r v .  
B r I d  S u r v e y  
D i v . ,
I ' l e b r a . s k a  
l V a t e r  
S u r v e y  
P a p e r  
3 L ,  
p r  4 4 .
S h a f f e r r  
F .  
8 . ,  a n d  
B r a u n r  
K .
a t  G r a n d  
I s l a n d ,  
N e b r . t
I n v .  A t l a s  
H A - 3 5 2 ,
S i n d e l a r ,  
G .  
E . ,  1 9 ? 0 ,  
W a t e r
N e b r .  r  U n i v .  N e b r a s k a ,
J . ,  
l 9 ? 0 ,  
F l o o d  
o f  J u n e  
L 9 6 ?
U . S ,  
G e o I .  
S u r v e y  
H y d r o l .
q u a l i t y  
s t u d y ,  
G r a n d  I s l a n d '
L i n c o l n ,  
u n p u b l i s h e d  
M . S e .  t h e s i s .
S m i t h ,  F .  A . ,  1 9 6 5 ,  
L o g s  o f  t e s t  
h o l e s  i n  
H a l I  
C o u n t y ,  
N e b r .  
t
U n i v .  N e b r a s k a ,  
C o n s e r v ,  a n d  
S u r v e y  D j - v . r  
N e b r a s k a  
W a t e r
S u r v e y  
T e s t  l l o l e  
R e p t .  
7 ,  
6 6 p ,
S m i t h ,  G .  E . ,  1 9 6 ? ,  F e r t i l i z e r  
n u t r i e n t s  
a s  c o n t a m i n a n t s  
i n
r v a t e r  
" r p p i i e s  
f n  
A g r i c u l t u r e  a n d  t h e  
q u a l i t y  
o f  o u r
e n v i r o n m b n t  
( t t l . - C .  
B r a d y ,  e d )  r  
A m e r .  A s s o c .  
A d v a n c e m e n t
S c i e n c e  
P u b .  
8 5 ,  
p .  
L ? 1 - 1 8 6 ,
S n i e g o c k i ,  R ,  T , ,  
1 9 5 5 , .  G r o u n d - w a t e r  r e s o u r c e s  
o f  t h e  
P r a i r i e
C r e e k  u n i t  o f  t h e  
l o w e r  
P l a t t e  R i v e r  b a s i n ,  
N e b r a s k a ,
w i t h  
a  s e c t i o n  o n  c h e m i c a l  
q u a l i t y  
o f  t h e  
g r o u n d  w a t e r
b y  F .  H .  R a i n w a t e r r  
U . S .  G e o 1 .  
S u r v e y  
W a t e r - S u p p l y
P a p e r  
1 3 2 7 ,  1 3 3  
p ,
S o u d e r s ,  V .  
L . ,  
1 9 6 8 ,  
U n t i t l e d  
t a l k  
a t  
U n i v e r s i t y  o f  
N e b r a s k a
V / a t e r  
R e s o u r c e s  
S e m i n a r ,  S p r i n g  
S e m .  
r  
u n p u b l i s h e d
m a n u s c r i p t .
S t a n f o r d ,  G . ,  
E n g l a n d ,  C . 8 , ,  
a n d  T a y l o r ,  A .  
W . ,  
t . 9 7 0 ,  
F e r t i -
l i z e r  u s e  a n d  
w a t e r  
q u a l i t y r  
U , S .  
D e p t .  
A g r i c u l t u r e ,
A R S  
4 1 - 1 5 8 ,  
1 9  
p .
S t e p h e n s o n ,  R ,  8 . ,  a n d  C h a p m a n '  
H .  D . ,  1 9 3 1 p  
P h o s p h a t e  
p e n e -
t r a t i o n  
i n  
f i e l d  
s o i l s r  
J o u r .  
A m e r .  S o e .  
A g r o n . ,
v r  2 3 ,  
t ' ] o r  1 0 ,  




S t e r r e n s o n ,  
F .  J . ,  
l 9 6 L r ,  S o i l  
n i t r o g e n  
f  n  
F e r t i l i z e r  n i t r o g e n ,
i t s  
c h e m i s t r y  
a n d  t e c h n o l o g y  
( V .  
S a u c h e l l i ,  
e d . ) r
R e i n h o l d  
P u b .  
C o r p  
.  
,  
I r i e w  
Y o r k ,  
p  
.  
l B - 3 9 ,
,  
1 9 6 5 ,  
O r i q i n  
a n d  
d i s t r i b u t i o n  
o f  
n i t r o g e n  
i n  s o i l
f n  
S o i l  
l i i t r o g e n  
( W .  
A .  
B a r t h o l o m e w  
a n d  
F .  
E .  
C l a r k ,
f f i s . ) r  
A m e r . ' S o e .  
A q r o n . ,  
I / l a d i s o n r  W t J . ,  
p .  
t - 4 2 .
S t e w a r t ,  
B .  A . ,  V i e t s ,  
F .  
G . ,  
J r . ,  
H u t c h i n s o n ,  
G .  
L , ,  a n d
K e m p e r ,  
w .  
D , ,  
1 9 6 ? ,  N i t r a t e  
a n d  
o t h e r  
w a t e r  p o l l u t a n t s
u n d e r  
f i e l d s  
a n d  
f e e d l o t s l  
E n v i r o n .  
S c i .  T e e h . ,  v .  
l ,
p ,  
? ) 6 - ? 3 9 ,
S t e w a r t ,  
B .  
A . ,  
V i e t s ,  
F .  G . ,  
J r . ,  
H u t c h i n s o n ,  
G ,  
L , ,  K e m p e r ,
W .  
D , ,  
C l a r l < ,  
F .  
8 . ,  F a i r b o u r n ,  
I U .  
L . ,  
a n d  S t r a u c h ,  
F . ,
L 9 6 ? ,  
D i s t r i b u t i o n  
o f  n i t r a t e s  
a n d  
o t h e r  w a t e r  
p o l l u t a n t s
u n c l e r  
f i e l d s  
a n d  
c o r r a l s  
i n  t h e  
m i d d l e  s o u t h  
p : - a t t e
v a I l e y  
o f  
c o l o r a d o r  
u . s .  
D e p t .  A g r i c u l t u r e ,  
A l l s  
l r 1 - 1 3 4 .
S t i f f  
,  
l l .  A . ,  
. T r .  
r  - f  
9 5 1 ,  
T h e  
i n t e r p r e t a t l o n  
o f  
c h e m l c a l  
w a t e r
a n a l y s i s  
b y  m e a n s  
o f  
p a t t e r n s r  
J o u r .  
p e t r o r e u m  
T e c h -
n o l o g y ,  
v ,  
j ,  
r r o r  1 0 ,  
p .  
l - 5 - ] - ? ,
S t o u t ,  P .  R . ,  
a n d  B u r a u ,  
R .  
G . ,  
L 9 6 7 ,  T h e  e x t e n t  a n d  s i g n i f i -
c a n e e  
o f  f e r t i l i z e r  b u i l d u p  
i n  s o i l s  a s  
r e v e a l e d  
b y
v e r t i c a l  
d i s t r i b u t i o n s  
o f  n i t r o g e n o u s  m a t t e r  b e t w e e n
s o i l s  a n d  
u n d e r l y i n e  w a t e r  
r e s e r v o i r s  I n  A g r i e u l t u r e  
a n d
t h e  
o u a l . i t y  o f  
o u r  e n v i r o n m e n t  
( N .  
C .  
B i a d y r  e d . ) r  A m e r .
A s s o c .  
A d v a n c e m e n t  
S e i e n c e  
P u b .  8 5 ,  
p e  
2 8 ) - 3 1 0 .
S w a n s o n ,  
N .  
P . ,  l , { i e 1 k e ,  
L .  
N . ,  
L o r i m o r ,  
J .  C . ,  
I t i c C S l I a ,  
T .  } l .  
r
a . n d  E I 1 i s ,  
J . , R . ,  L 9 Z t ,  T r a n s p o r t  
o f  
p o l l u t a n t s  
f r o m
s l o p i n q  
c a t t l e  f e e d l o t s  
a s  a f f e c t e d  
b y  r a i n f a l l  
i n t e n s i t l r
d u r a t i o n ,  
a n d  
r e c u r r e n c e t  N e b r a s k a  
A g r i c .  E x p e r .  S t a . r
J o u r n a l  
S e r i e s ,  P a p e r  
3 1 0 0 ,  
2 l  
p .
T a i g a n i d e s ,  
E ,  
P . ,  
a n d  H a z e n ,  
T .  8 . ,  
1 9 6 6 ,  P r o p e r t i e s  
o f  
f a r m
a n i m a l  
e x c r e t a r  
A m e r .  
S o c .  
A g r i c .  
E n g i n e e r s  
T r a n s . r
v r  
9 ,  
P r  
) ? 4 - 3 ? 6 ,
T a s k  G r o u p  2 5 1 0 - P  
R e p o r t ,  
1 9 6 6 ,  N u t r i e n t - a s s o c i a t e d  p r o b l e m s
i n  
w a t e r  
q u a l i t y  
a n d  
t r e a t m e n t r  
A m .  
W a t e r  
W o r k s  
A s s o c ,
J o u r . ,  
v r  
5 8 ,  
r r o ,  1 0 ,  
p .  
1 3 3 ? - 1 3 5 5 ,
,  
- L 9 6 ? ,  
S o u r e e s  
o f  n i t r o g e n  
a n d  
p h o s p h o r u s  
i n  
w a t e r  
s u p -
p l i e s r  
A m ,  
W a t e r  
W o r k s  
A s s o c .  
J o u r . r  v r  
5 9 ,  
r t o .  
j ,
p .  
j 4 4 - 3 6 6 ,
,  
1 9 ? 0 ,  
C h e m i s t r ; , r  
o f  
n i - t r o g e n  a n d  
p h o s p h o r u s  
i n  
w a t e r r
A m .  l { a t e r  Y { o r k s  
A s s o c .  
J o u r , r  
v .  6 2 ,  } 1 o r  
2 r  p r  
\ 2 ? - 1 4 0 ,
T a y l o r ,  
A .  W . ,  
1 9 6 7 ,  P h o s p h o r u s  
a n d  v r a t e r  
p o l l u t i - o n r  
S o i l
W a t e r  
C o n s e r v ,  
J o u r . ,  v r  2 2 ,  
p r  
2 2 8 - 2 j L ,
! t
L 2 7
T i m m o n s ,  
D .  R ,  
,  
B u r w e l I ,  
R .  E .  
,  
a n d  
H o J - t ,  R .  
F ,  
,  
1 9 6 8 ,  L o s s
o f  
c r o p  n u t r i e n t s  
t h r o u g h  
r u n o f f r  
M i n n e s o t a  
S c i e n c e ,
v r  
? - 1 1 . ,  
J l o .  
1 1 . ,  
T ) .  
1 6 - 1 8 .
U . S .  G e c , "  o s i c a l  S u r v e y ,  
1 9 6 4 ,  
C o m p i l a t i o n  o f  r e c o r d s  
o f
s u r f a c e  
r v a t e r s  
o f  
t h e  
U n i t e d  
S t a t e s r  
0 c t o b e r  
L 9 5 0  
t o
S e p t e m b e r  
L 9 6 A ,  P t ,  
6 - 8 ,  I ' i i s s o u r i  
R i v e r  B a s i n  
b e l o w
S i o u x  
C i t y ,  f a . r  
U . S .  
G e o 1 .  
S u r v e y  
V l a t e r - S u p p l y  
P a p e r
1 7 1 0 ,  
p .  
2 L 9 - 2 2 0 )  
2 2 2 - 2 2 3 ,
,  
1 9 6 9 ,  S u r f a c e  r v a t e r  
s u p p l y  
o f  t h e  U n i t e d  
S t a t e s  
1 9 5 1 -
6 5 ,  
P t .  6 ,  I l i s s o u r i  
R i v e r  
B a s i n ,  
V o I .  
l ,  
I ' t i s s o u r i  
R i v e r
B a s i n  
f r o r n  
S i o u x  
C i t y ,  I B . ,  
r  
t o  
N e b r a s k a  
C i t y r  l i e b r .  
r
U . S .  G e o l .  S u r v e y  
W a t e r - S u p p l y  
P a p e r  
1 p 1 8 ,  
p .  
5 5 6 - 5 6 L ,
5 5 5 - 5 ? 0 ,
L 9 6 6 - ? 1 ,  
' i t l a t e r  
r e s o u r c e s  
d a t a  f o r  N e b r a s k a ,  P t .  I
S u r f a c e  w a t e r  
r e c o r d s r  
U . S ,  G e o l .  
S u r v e y  a n n u a l  
r e p o r t s .
,  
L 9 6 5 - 7 0 ,  
V i a t e r  
r e s o u r c e s  
d a t a  
f o r  l , l e b r a s k a ,  P t ,  
2 ,
l t r a t e r  q u a l i t l r  
r e c o r d s l  
U , S .  G e o l .  S u r v e y  
a n n u a l  
r e p o r t s .
U . S .  
P u b l i c  
H e a l t h  S e r v i e e ,  
1 9 6 2 ,  
D r i n k i n g  w a t e r  
s t a n d . a r d s r
U . S .  
P u b l i c  
H e a 1 t h  
S e r v i c e  
P u b .  
9 5 6 ,  
6 1  
p .
U . S .  S a l i n i t y  
L a b o r a t o r y  
S t a f f  
,  
L 9 5 l + ,  
D i a g n o s i s  
a n d  
i m p r o v e -
m e n t  
o f  s a l i n e  
a n d  
a 1 k a l i  s o i l s r  U . S .  D e p t .  
A g r i e u l -
t u r e '  
A g r i c u l t u r e  
H a n d b o o k  6 0 ,  1 6 0  
p .
V i e t s ,  
F .  
G . ,  
J r . ,  
1 9 5 0 ,  R e c o v e r y  o f  f e r t i l i z e r  
n i t r o g e n  
o n
i r r i g a t e d  
a n d  d r y l a n d  
s o i l s  
o f  
t h e  
w e s t e r n  
U n i t e d  
S t a t e s r
t r a 1 s .  
I n t e r n a t .  
C o n g r .  
S o i l  S c i e n c e ,  
| t l n  
C o n 6 r . ,
I r i a d i s o n ,  
V I i s . ,  
v .  
2 ,  p .  
4 8 6 - 4 % .  
'
,  
L 9 7 L '  F e r t i l i z e r  u s e  
i n  r e l a t i o n  
t o  
s u r f a c e  a n d  
g r o u n d
w a t e r  
p o l l u t i o n  
f n  
F e r t i l i z e r  t e c h n o l o g y  a n d  
u s e  
( 2 n d  
e d .
R .  
A .  
b l s o n ,  
e d . f s o i l  
S c i .  
S o c .  
A m e r .  
r -  
M " a i s o r r r  V i i s . ,
p . 5 1 7 - 5 3 ? ,
V i e t s ,  
F .  
G .  
,  
J r .  
,  
a n d  
H a g e m a n ,  R ,  H .  
,  
l 9 7 t r  F a c t o r s  a f f e c t i - n g
t h e  
a c c u m u l a t i o n  
o f  n i t r a t e  
i n  
s o i l ,  w a t e r ,  
a n d  
p l a n t s l
U . S ,  D e p t ,  
A g r i c u l t u r e ,  
A g r i c u l t u r e  
H a n < i b o o k  
4 L 3 ,
V o l k ,  
G .  I ' { . ,  a n d  8 e 1 1 ,  
C .  
E . ,  
L 9 4 ? ,  
E f f e c t  
o f  
a n i o n  
b a l a n c e
o n  
t h e  
l e a c h i n q  
o f  i o n s  f r o m  s a n d y  s o i l s r  
S o i l -  
S c i e n c e
S o c .  
A m e r .  
P r o e . ,  V r  
L 2 ,  
p .  
l B B - 1 9 0 .
W a i t e ,  
H .  
A ,  
a n d  
o t h e r s r  
l g \ g ,  P r o g r e s s  
r e p o r t  
o n  t h e  
g e o l o g y
a n d  
g r o u n d - w a t e r  
h y d r o l o e y  
o f  t h e  l o w e r  P l a t t e  
R i v e r
v a l l e y ,  N e b r a s k a r  
U . S ,  G e o 1 .  S u r v e y  
C i r e ,  
2 0 ,  
2 1 1  p .
\ { a l k e r ,  
i , { .  
H . ,  L 9 6 9 ,  
I l l i n o i s  
5 l r o u n d  
w a t e r  
p o l l u t i o n r  
A m ,
W a t e r  
l t l o r k s  
A s s o c .  
J o u r . l  v r  
6 L ,  
r o .  
1 ,  
p r  
3 1 - 4 0 .
' } .  
.
L 2 8
I { e l l s ,  
D .  
I U . ,  
l 9 ? L ,  T h e  e f f e c t  o f  u n l i n e d  t r e a t e d  
s e w a g e
s t o r a g e  
p o n d s  
o n  
w a t e r  
q u a l i t y  
i n  
t h e  
0 g a 1 1 a 1 a  F o r m a -
t i o : r r  T e x a s  
T e e h .  U n i - v .  
l f a t e r  
R e s o u r c e s  C e n t e r ,  
3 6  
p ,
' : ' l e n z e l - ,  
L .  
K . ,  
1 9 4 0 ,  L o c a l  o v e r d e v e l o p m e n t  o f  
g T : o u n d - v r a t e r
s u p p l i e s ,  
w i t h  
s p e c i a l  
r e f e r e n c e  
t o  
c o n d i t i o n s  
a t
G r a n d  
I s l a n d ,  
l l e b r a s k a :  U . S .  G e o l .  
S u r v e y  W a t e r -
S u p p 1 y  P a p e r  B l 5 - 8 ,  
2 8 0  
p "
Y o s t ,  D .  A . ,  P a d e n ,  
H .  
E . ,  
I { a t a n z o ,  
F , ,  
B e a n ,  
F .  
L . ,  H i 1 I ,
H . ' L . ,  a n d  P o 1 l o c k ,  R .  
S . ,  
L 9 6 2 ,  S o i l  S u r v e y  
o f  
H a l I
C o u n t y l  
N e b r .  
r  U . S .  
D e p t .  
A g r i e u l t u r e  a n d  
U n i - v .
N e b r a s k a  
C o n s e r v r  & r r d  
S u r v e y  
D j - v . ,  1 4 1  
p .
, " " : .




[Use of well: D, domestic
supply; S.
---Records of sair.pled r'rells in 
-al-1 County.
supply; T, irrigaticn; O, water-: 
=-,'el observation; P, pul:1icstock supply. Depth of rve11: A, approximate.l































W. C. RieflinVillage of Doniphan
N. W. LautenschlagerD. W. Chatterson..........




O. B. Shafer .. o..
Don Bauman.......
Mrs. W. B. Brown
V. R. May. .. .. ..















































































Table A.---Records of sampled wel1s in Hall County.--Cont.






























































































































David RiefCity of Grand. Island
Mrs. Bernice Niedfelt
Grand Island Boy Scouts
of America.
John MeierWilliam Schuppan
Lawrence Kroeger dt. .. .
David Brown..














Table A.---Records of sampled welIs in Hal1 County.--Cont.


































U. S. Geological Survey...
Ernest Dobesh
John Swisher








































































































Tab1e A.---Records of sampled wells in Hall County--Cont.






























City of Grand Island
Mr. Voss ........P. M. Wells.....
Rudy Kuester.....
City of Grand. IslandClifford Alderson...Mr. Eppert
Louis Nieffeldt...
Herman Scheel
City of Grand Island
....doo.... .....
. . . .. . . . 
"d.o
o . . . . .. . .do . .. . . .HalI County r....... r.
A. H. Hanson
D. J. Mara.....
Muron Nietfe1dt...........N. W. High Schoot. .. ..d;. -,John Langenheder
Darold. RungeCity of Grand Island
.. .. .. . .do















































































Table A.---Records of sampled wells in Ha11 Ccunty--Cont.
































































































































Table A.---Records of sampled. wells in Ha1I County--Cont.








































































































































Table A.---Records of sampled wells in Hall County--Cont.






















































-Well 8 in Platte River welt field. Recorcls for 11 vrells having almost identi.cal con-
struction located in weII field were not used in statistical analysis.




[Results in milligrams per
of chemical analyses of groundwater
liter except as j-nd.icated. Nitrate
trace. pH: L1 laboratory valuel
in Hall County.
and orthophosphate: mL1
Well number Sampling dateL97L
Nitrate Ortho-

















































































































































































































Table B.---Results of chemical analyses of ground.water in Hall County--Cont.










































































































































J,cca July(WeII 4Y )
Lddd,U Mar.
-?d.ac July(well 2V )
.,]dcc JuIy(WeIl LY



















Ortho- SpecificconductanceWell number phosphate (micromhos(PO4 ) per cm. )
pH
10N- 9W-llaac(well eU I
1laca(wel1 7tJ
11bcd(well mU )llbda(WeIl gY
llbdd
llcac(weI1 LLU







































































































































































Table B.---Results of chemical analyses of groundwater in HatI County--Cont.





















































































































































































































Table B.---Results of chemical analyses of groundi,rater in Hall Cc's,:,Ly--Cont.
Well number Sampling dateL97L
Nitrate Ortho-(NO^ ) PhosPhate
















































































































































































































Table B.---Results of chemical analyses of groundwater in Hall County--Cont,
































































































































































































































Table B.--..Results of chemical analyses of groundwater in Ha11 County--Cc::i'













































































































































































































Table B.---Results of chemical analyses of groundr,vater in Ha11 County--Coni..
































































































Table C.---Results of chemical analyses of water from streams in Hall County.
[Results for disso]ved constituents given in milLigrams per literl




Platte River Aug. 10, 1971 260 26 1.3 0.31(9N-1IW-17bbc )
Platte River Aug" 10, 1971 246 26 .4(10N-10W-3Icbb













Wood River Mar. 15, L972 156 141 7.9 16(10N-12W-3 2bcb)
Wood River Mar. 15, L972 95 2L 9.3 .60(10N-10W-8ada)
Wood. River Mar. 15, Lg72 141 L2 7.9(10N-10W-2dad)
Wood. River Mar. 15, L972 L29 136 15 15(11N-9w-12d.ad) 
rs
Prairie Creek Mar. 15, L972 26 4.0 7.9 1.1(12N-9W-t5bba)
ts5
+-
